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Introduction 


More  than  thirty  energetic  compounds  were  studied  with  X-rays  at  NRL  in  85/86,  and  several 
seem  to  be  very  close  precursors  to  long-standing  target  molecules  or  target  classes  of  compounds. 
In  many  cases.  X-ray  diffraction  analyses  can  provide  detailed  structures  even  when  the  structural 
and  empirical  formulae  for  the  compounds  are  unknown.  This  is  particularly  important  when 
material  is  very  scarce,  or  when  the  solution  spectra  are  complicated  by  complex  conformational 
equlibria.  Several  "unknown  nitrolysis  products"  were  determined  at  NRL  this  year.  The  group  of 
molecular  structures  pictured  below  were  determined  at  NRL,  and  are  all  fused-ring  nitramines  of 
the  bicyclo-HMX  type.  The  compounds  in  the  first  row  below  come  from  NWC  (China  Lake,  CA) 
and  NSWC  -WO  (Stiver  Spring,  MD).  All  of  the  others  on  this  page  were  made  at  the  Lawrence 
Livermore  Lab  (Livermore,  CA). 
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The  remaining  compounds  come  from  a  variety  of  laboratories;  several  are  primarily  of  theo¬ 
retical  interest ,  and  two  were  unknown  reaction  products  which  were  identified  by  their 
diffraction.  However,  tetranitrocyclobutane  (second  row),  made  by  Dr.  K.  Baum  (Fluorochem; 
Azusa,  Calif.)  is  a  dense  strained  energetic  material  which  may  be  a  useful  formulant.  The  final 
compound,  a  butanedi ammonium  dinitrate,  is  a  currently  used  propellant  formulant  Its 
decomposition  mechanism,  and  its  relation  to  molecular  structure  and  crystal  packing,  is  being 
studied  by  Dr.  R.  McKenney  (Eglin  AFB). 


The  remainder  of  this  report  consists  of  a  series  of  summary  reports  on  the  individual 
molecular  structures.  These  summaries  each  follow  the  same  format  First,  a  brief  report  of  the 
crystal  data  and  conformational  data  which  serve  to  uniquely  identify  the  particular  material 
studied.  Second,  a  description  of  the  X-ray  experiment  and  the  results  of  the  analysis  and 
refinement  of  the  structure.  Third,  a  picture  of  the  molecule,  and  finally,  tables  of  fractional  unit 
cell  coordinates,  bond  distances,  and  bond  angles.  From  this  data,  one  should  be  able  to  calculate 
any  details  of  the  molecular  structure  or  crystal  packing  not  included  in  the  summary. 
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The  compounds  pictured  above  were  received  from  researchers  involved  in  the  synthesis  of  new 
nitro  or  nitramino  cage  compounds.  Early  in  1986,  Nielsen  (NWC,  China  Lake)  achieved  the 
synthesis  of  hexa-azaisowurtzitane  via  a  glyoxal-benzylamine  condensation  (top  left  molecule);  in 
October,  the  dinitro,  tetraacetyl  derivative  (top  right)  was  made  and  corroborated  by  X-ray  analysis. 
This  is  the  first  nitro-aza  cage  ever  reported,  a  possible  precursor  to  the  hexanitro  target,  and  a  good 
model  for  theoretical  studies  of  the  target  compound. 

The  remaining  compounds  pictured  above  come  from  Drs.  Marchand  (N.  Texas  State  U.)  and 
Zajac  (Villanova),  who  are  developing  methods  for  the  synthesis  of  carbon-based  cages  and  their 
polynitro  substitution.  In  these  materials,  a  sizeable  amount  of  energy  is  stored  in  the  cage  itself, 
primarily  as  angle-bending  strain.  Molecular  mechanics  calculations  can  pin-point  the  locations  of 
highest  strain  for  hypothetical  (or  actual)  cage  molecules;  molecular  mechanics  analyses  on  several 
cage  compounds  have  been  completed  and  are,  or  will  be  described  in  the  literature.  In  general,  a 
comparison  of  the  results  with  crystal  structure  findings  reveals  a  close  correspondence;  bond 
angles  are  predicted  to  within  a  few  degrees,  and  bond  distance  deviations  from  normality  caused 
by  steric  strain  are  qualitatively  predicted  by  the  theory,  but  are  often  found  to  be  larger, 
experimentally,  than  predicted. 


8 

k 


$ 

ft 

*»* 

a 

r 

& 

$ 

i 


I 


Si: 

S: 


ft' 

I 


M 

S 

i 


‘‘S' 

$ 

a* 


Abstract 

2,4-Dinitro-6,8-diacetyl-2,4,6,8-tetraazabicyclo[3.3.0]octane,  C gH^NgOg, 

M,.  =  288.22 ,  orthorhombic  P212121,  a  =  8.480(2),  b  =  11.845(2),  c  =  11.944(2)  A, 

V  =  1199.7(3)  AA  Z  =  4,  Dx  =  1.595  Mg  nr3,  X(Cu  Ka)  =  1.54178  A,  n  =  10.89  cnr1, 
F(000)  =  600 ,  T  =  295  K,  Final  R  =  0.036,  wR  =  0.049,  for  1052  independent  reflections. 
All  four  ring  nitrogens  are  directed  away  from  the  cleft  of  the  two  rings.  The  two  ring 
nitrogens  involved  in  N-N  bonding  are  pyramidal,  with  angles  between  the  exocylic  N-N 
bonds  and  the  C-N-C  planes  of  44.4  and  42.5° . 

Experimental 

A  clear  colorless  0.27  x  0.24  x  0.20  mm  data  crystal  was  provided  by  C.  Coon  of 
Lawrence  Livermore  Laboratory.  Automated  Nicolet  R3m  diffractometer  with  incident 
beam  monochromator.  25  centered  reflections  within  39  £  2e  £  11°  used  for  determining 
lattice  parameters.  (sin^A),^  =  0.57  A*1,  range  of  hkl :  0  £  h  £  9,  -13  £  k  £  0,  0  13. 

Standards  400, 333, 006,  monitored  every  60  reflections  with  random  variation  of  2.0  % 
over  data  collection,  e/2e  mode,  scan  width  (2.0  +  A^q^)0,  scan  rate  a  function  of  count 

rate  (5.0  °/min.  minimum,  30. OP  /min.  maximum),  2497  reflections  measured,  201 1 
unique,  =  0.04, 1307  observed  with  Fo>3c(Fo).  Data  corrected  for  Lorentz  and 
polarization,  but  not  absorbtion  effects  .  Structure  solved  by  direct  methods.  The  least- 
squares  refinement  used  the  Micro  VAX  version  of  the  SHELXTL  system  (Sheldrick, 
1980).  Iw(IFol-IFcl)2  minimized  where  w  =  l/[a2(IFol)  +  g.(Fo)2],  g  =  0.00025.  221 
parameters  refined :  atom  coordinates,  anisotropic  thermal  parameters  for  all  non-H 
atoms,  H  atoms  included  using  riding  model ,  C-H  =  0.96  A,  C-H-C  =  109.5* ,  U(H)  =  1.1- 
U*q(Q .  (A/c)  max  =  0.085,  R  =  0.075,  wR  =  0.064,  S  =  1.44.  Final  difference  Fourier 
excursions  0.34  and  -0.32  eA'3.  Atomic  scattering  factors  from  International  Tables  for  X- 
ray  Crystallography  (1974).*  Atom  numbering  for  tables  1,  and  2,  atom  coordinates,  bond 
distances  and  angles,  follows  that  shown  in  Fig.  (la). 


Table  la.  Atom  coordinates  (xlO4)  and  thermal  parameters  (A2  x  103) 


atoa 

X 

y 

z 

u 

C(l) 

7329(3) 

2534(2) 

3636(2) 

35(1)* 

N  (  2  ) 

8668(3) 

2015(2) 

3088(2) 

42(1)* 

C(3  ) 

8538(3) 

2002(3) 

1880(3) 

51(1)* 

N(4) 

6902(3) 

2373(2) 

1713(2) 

40(1)* 

C(5) 

6002(3) 

2534(2) 

2750(2) 

35(1)* 

N(6  ) 

5332(3) 

3648(2) 

2819(2) 

38(1)* 

C(7 ) 

6527(3) 

4461(2) 

3186(3) 

42(1)* 

N (8  ) 

7572(3) 

3733(2) 

3847(2) 

39(1 )* 

N( 2 '  ) 

9391(3) 

1089(2) 

3571(3) 

57(1)* 

0(2a) 

9124(3) 

904(2) 

4555(2) 

79(1)* 

0  (  2  b) 

10325(3) 

571(2) 

2977(3) 

81(1)* 

N( 4 '  ) 

6153(3) 

1946(2) 

803(2) 

47(1)* 

0(4a) 

6976(3) 

1582(2) 

48(2) 

70(1  )* 

0(4b) 

4/28(3) 

2019(2) 

788(2) 

59(1)* 

C(6  '  ) 

3789(3) 

3990(2) 

2733(2) 

41(1)* 

0(6) 

3506(2) 

5004(2) 

2735(2) 

55(1)* 

C  (9  ) 

2534(4) 

3104(3 ) 

2653(3) 

53(1)* 

C(8  '  ) 

8523(3) 

4088(3) 

4698(3) 

45(1)* 

0(8) 

9272(3) 

3404(2) 

5244(2) 

67(1)* 

C(10) 

8581(4) 

5332(3) 

4903(3) 

57(1)* 

* Equivalent  isotropic  U  defined  as  one  third  of  the  trace  of  the  orthogonalized 
Uy  tensor 

Table  2a.  Bond  Lengths  (A)  and  bond  angles  (deg.) 


C(l)-N(2) 

1.448(3) 

C(l)-C(5) 

1.546(4) 

C ( 1 )~N (8  ) 

1.456(3) 

N ( 2 )-C ( 3 ) 

1.447(4) 

N(2)-N(2") 

1.383(4) 

C( 3 )-N ( 4  ) 

1.469(4) 

N(4)-C(5 ) 

1.467(4) 

N( 4 )-S ( 4 ' ) 

1.356(3) 

C(5)-N(6) 

1.438(3) 

N(6)-C(7) 

1.465(3) 

N(6)-C(6') 

1.374(3) 

C(7)-N(8) 

1.467(4) 

N(8)-C(8'  ) 

1.364(4) 

N(2')-0(2a) 

1.216(4) 

N(2' )-0(2b) 

1.228(4) 

N(4' )-0(4a) 

1.219(4) 

N ( 4 ' )-0(4b) 

1.212(4) 

C(6')-0(6) 

1.225(3) 

C (6 ' )”C (9  ) 

C(8 ' )-C( 10) 

1.498(4) 

1.495(4) 

C(8')-0(8) 

1.218(4) 

N(2)-C(l)-C(5)  105.2(2) 
C(5)-C(l  )-N(8)  102.8(2) 
C(l)-N(2)-N(2')  119.8(2) 
N(2)-C(3)-N(4)  101.8(2) 


C(3)-N(4)-N(4') 

C(l)-C(5)-N(4) 

N(4)-C(5)-N(6) 

C(5)-N(6)-C(6') 

N(6)-C(7)-N(8) 

C(l)-N(8)-C(8') 

H(2)-N(2')-0(2a) 

0(2a)-N(2')-0(2b) 

N(4)-N(4' )-0(4b) 

N(6)-C(6')-0(6) 

0(6)-C(6'  )-C(9) 

W(8)-C(8')-C(10) 


116.1(2) 
101.5(2) 
112.0(2) 
129.9(2) 
101.1(2) 
120.8(2) 
117.6(3) 
126.1(3) 
116.9(2) 
118.4(2) 
123.2(3  ) 
116.5(3) 


N ( 2 )-C ( 1 ) -N ( 8  ) 

C(l)-N(2)-C(3) 

C(3)-N(2)-N(2') 

C(3)-N(4)-C(5) 

C(5)-N(4)-N(4') 

C(l)-C(5)-N(6) 

C(5)-N(6)-C(7) 

C(7)-N(6)-C(6') 

C(l)-N(8)-C(7) 

C(7)-N(8)-C(8') 

N(2)-N(2')-0(2b) 

N(4)-N(4')-0(4a) 

0(4a)-N(4' )-0(4b) 

N(6)-C(6')-C(9) 

N(8 )-C(8 ' )-0(8) 

0(8)-C(8')-C(10) 


112.4(2) 

113.3(2) 

116.2(2) 

114.6(2) 

118.7(2) 

104.4(2) 

110.3(2) 

119.2(2) 

113.3(2) 

125.2(2) 

116.2(3) 

117.1(3) 

125.8(3) 

118.4(2) 

120.1(3) 

123.4(3) 


Abstract 


2,5-Dinitro-7,9-diacetyl-2,5,7,9-tetraazabicyclo[4.3.0]nonane,  QH14N60g* 
l/2(C3HgO),  M,.  =  331.29,  monoclinic,  C2/c,  a  =  29.512(5),  b  =  9.142(1),  c  =  10.872(2) 

A,  p  =  92.46(1)°,  V  =  2930.6(9)  A3,  Z  =  8  Dx  -  1.501  Mg  nr3,  X(Cu  Ka)  =  1.54178  A,  p. 

=  9.61  cm*1,  F(000)  =  1392,  T  =  295  K,  Final  R  =  0.043,  wR  =  0.047  for  1311  independent 
reflections.The  compound  crystallizes  with  1/2  molecule  of  acetone  per  asymmetric  unit. 
The  alkyl  substituted  five  membered  ring  is  a  flattened  envelope  with  N(7)  the  out  of  plane 
atom.  The  six  membered  ring  has  a  boat  conformation  with  the  two  N  atoms  out  of  the 
plane  formed  by  its  four  C  atoms.  One  nitramine  group  is  slightly  pyramidal  (C-N  bending 
angle  =  17.1°)  and  the  other  is  pyramidal  (C-N  bending  angle  =  38.5s). 

Experimental 

A  clear  colorless  0.30  x  0.32  x  0.07  mm  data  crystal  was  provided  by  C.  Coon  of 
Lawrence  Livermore  Laboratories.  Automated  Nicolet  R3np.  diffractometer  with  incident 
beam  monochromator.  25  centered  reflections  within  30  ^  23  ^  59°  used  for  determining 
lattice  parameters.  (sirxeVA.),^  =  0.55  A*1*  range  of  hkl :  -32  £  h  £  8,  - 10  £  k  £  0, 

1 1  £  C<,  1 1.  Standards  023, 040,  10  0  0 ,  monitored  every  60  reflections  with  random 
variation  of  2.5  %  over  data  collection,  8/29  mode,  scan  width  [28(K<X|)  -  0.9]  to  [2e(Ka2) + 

0.9]°,  scan  rate  a  function  of  count  rate  (6. OP/mi n.  minimum,  30.0P/min.  maximum),  2953 
reflections  measured,  1708  unique,  R^  =  0.0"  ",  1311  observed  with  Fo>3a(F0).  Data 
corrected  for  Lorentz  and  polarization,  but  not  absorbtion  effects.  Structure  solved  by 
direct  methods.  The  least-squares  refinement  used  program  SHELXTL  ( Sheldrick  1980 
).  Iw(IF0l-IFcl)2  minimized  where  w  =  l/[c2(IF0l)  +  g.(F0)2],  g  =  0.00023.  Secondary 
extinction  parameter  p  =  0.0008(1)  in  Fc*  =  F^  1.0  +  0.002(p)Fo2/sirx29)]0-25.  219 

parameters  refined  :  atom  coordinates,  anisotropic  thermal  parameters  for  all  non-H 
atoms,  H  atoms  included  using  riding  model ,  C-H  =  0.96  A,  C-H-C  =  109.5s ,  U(H)  =  1.2* 
Ueq(C) .  (A/0)  max  =  0.008,  R  =  0.043,  wR  =  0.047,  S  =  1.64.  Final  difference  Fourier 
excursions  0.25  and  -0.23  eA-3.  Atomic  scattering  factors  from  International  Tables  for  X- 
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ray  Crystallography  (1974).*  Atom  numbering  for  tables  1,  and  2,  atom  coordinates, 
bond  distances  and  angles,  follows  that  shown  in  Fig.(lb) 


Table  lb.  Atom  coordinates  (xlO4)  and  thermal  parameters  (A2  x  103) 


atom 


u 


C(l) 

c(!i 

C(J»> 

mi 

N(7) 

C(8) 

N(9) 

N(10) 

0(11) 

0(12) 

H(13) 

0(14) 


C< 
0(17) 
0(18) 
0(19) 
C<20) 
0(21) 
0(24) 

0(23) 

0(22) 


3715(1) 

lllSUi 

2909(1) 

3047(1) 

3536(1) 

3788(1) 

4021(1) 

3996(1) 

3363(1) 

3114(1) 

3623(1) 

2766(1) 

2919(1) 

IlisHi 

3574(1) 

4036(1) 

4239(1) 

SilfJ1' 

5000 


7169(3) 

m 

7551(3) 

8723(2) 

8727(3) 

9197(2) 

8013(3) 

6831(2) 

5090(3) 

4031(2) 

5267(2) 

8953(2) 

9686(2) 


1578(2) 


13^ii 


1) 


1051 
11772(3) 
10811(2) 
4728(2) 
5489(3) 
5629(3) 
-975(4) 


2256< 
2830(2) 
2021(2) 
1813(2) 
2906(2) 
3563(2) 
2671(2) 
519(2) 
637(2) 
-318(2) 
976(2) 
143(2) 
991(2) 
3353(2) 
2640(3) 
4^19(2) 
18f 


32(1>* 

mi)-; 

42(1)* 

37(1)* 

33(1)* 

35(1)* 

38(1)* 

33(1)* 

44(1)* 

60( 1)» 
54(1)* 
44(1)* 

67(1)* 


58,ar. 


}84(2) 


39( 
54(1)* 
53(1)* 
51(D* 


5000 

4802(1) 


1194 


2706 
2500 
2^00 


53(^; 


43(3) 


39(1: 
96(2)* 

3$! 


♦Equivalent  isotropic  U  defined  as  one  third  of  the  trace  of  the  orthogonalized 


Uy  tensor 
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Table  2b.  Bond  Lengths  (A)  and  bond  angles  (deg.) 


C(l)-N(2) 

1.453(3) 

C(l)-C(6) 

1.544(3) 

C(l)-N(9) 

1.453(3) 

N(2)-C(3) 

1.450(3) 

N(2)-H( 10) 

1.372(3) 

C(3)-C(4) 

1.53K4) 

C(4)-N(5) 

1.455(3) 

N(5)-C(6) 

1.470(3) 

N(5)-N(13) 

him 

C(6)-N(7) 

1.440(3) 

N(7)-C( 8 ) 

N(7)-C(16) 

1.360(3) 

C(8)-N(9) 

1.451(3) 

N(9)-C(21) 

1.360(3) 

N(10)-0(ll) 

1.224(3) 

N( 10)-0( 12) 

1.226(3) 

N(13)-0(14) 

1.229(3) 

N(13)-0(15) 

1.218(3) 

C( 16)-C( 17) 

1.496(4) 

C( l6)-0( 18 ) 

1.228(3) 

0(19)-C(21) 

1.216(3) 

C( 20)-C (21) 

1.504(4) 

0(24)-C(23) 

1.203(6) 

C(23)-C(22) 

1.487(4) 

C(23)-C(22a) 

1.487(4) 

N(2)~3(l;-C(6) 

108.8(2) 

N(2)-C(l)-N(9) 

114.4(2) 

C(6)-C(l)-N(9) 

104.4(2) 

C(l)-N(2)-C(3) 

121.6(2) 

C(l)-N(2)-N(10) 

118.8(2) 

C(3)-H(2)-H(10) 

116.8(2) 

M(2)-C( 3)“C( 4) 

107.6(2) 

C(3)-C(4)-N(5) 

111.6(2) 

C(4)-M(5)-C(6) 

113.4(2) 

C(4)-N(5)-N(13) 

115.5(2) 

C(6)-N(5)-N(13) 

115.4(2) 

C(l)-C(6)-N(5) 

111.6(2) 

C(l)-C(6)-N(7) 

104.1(2) 

H(5)-C(6)-N(7) 

110.4(2) 

C(6)-M(7)-C(8) 

113.6(2) 

C(6)-N(7)-C(16) 

126.5(2) 

C(8)-N(7)-C(16) 

119.9(2) 

N(7)-C(8)-N(9) 

102.5(2) 

C(l)-N(9)-C(8) 

113.5(2) 

C(l)-N(9)-C(21) 

120.7(2) 

C<8)-N(9)-C(21) 

124.8(2) 

N(2)-N(10)-0(ll) 

116.9(2) 

N(2)-N( 10) -0(12) 

117.8(2) 

0(11)-N(10)-0(12) 

125.3(2) 

H(5)-M(13)-0(14) 

117.3(2) 

N(5)-H(13)-0(15) 

117.3(2) 

0(14)-M(13)-0(15) 

125.3(2) 

M(7)-C(16)-C(17) 

118.1(2) 

N(7)-C(l6)-0(l8) 

N(9)-C(21)-0(19) 

119.0(2) 

120.3(2) 

C(17)-C(l6)-0(l8) 

N(S)-C(2l)-C(20) 

i  imi 

0(19)-C(21)-C(20) 

123.0(2) 

0(24)-C(23)-C(22) 

121.6(2) 

0(24)-C(23)-C(22a) 

121.6(2) 

C( 22)-C(23)~C(22a) 

116.7(4) 

i 


- 

i 

i 


Abstract 


2,4,6-Trinitro-8,10-diacetyl-2, 4, 6, 8,10-pen  taazabicyclo[5.3.0]decane, 
C9Hi4N808,  Mr  =  362.26,  orthorhombic,  P212121,  a  =  8.145(1),  b  =  12.238(2),  c  = 
14.186(3)  A,  V  =  1413.9(6)  A3,  Z  =  4,  D*  =  1.702  Mg  nr3,  X(Cu  K a)  =  1.54178  A,p  = 
12.56  cnr1,  F(000)  =  752,  T  =  295  K,  Final  R  =  0.045,  wR  =  0.047  for  1325  independent 
reflections. 

Experimental 


I 


A  clear  colorless  0.08  x  0. 10  x  0. 10  mm  data  crystal  was  provided  by  C.  Coon  of 
Lawrence  Livermore  Laboratory.  Automated  Nicolet  R3m  diffractometer  with  incident 
beam  monochromator.  25  centered  reflections  within  40  £  i  £  88°  used  for  determining 
lattice  parameters.  (sintejA.),^  =  0.59  A'1-  range  of  hkl :  -9  £  h  £  9, 0  £  k  £  12, 0  ^£  16. 

Standards  301, 042, 013,  monitored  every  60  reflections  with  linear  variation  of  10  %  over 
data  collection,  e/2e  mode,  scan  width  (2a(Kai)  -  0.7]  to  [2e(K<X2)  +  0.7  ]° ,  scan  rate  a 

function  of  count  rate  (2.0P/min.  minimum,  12.(F/min.  maximum),  3224  reflections 
measured,  1325  observed  with  Fo>3a(F0).  Data  corrected  for  Loren  tz  and  polarization, 

but  not  absorbtion  effects.  Structure  solved  by  direct  methods.  The  least-squares 
refinement  used  program  SHELXTL  ( Sheldrick  1980  ).Zw(IF0l-IFcl)2  minimized  where 
w  =  1/[<j2(IF01)  +  g.(F0)2],  g  =s  0.00023. Secondary  extinction  parameter  p  =  0.0047(9)  in 
Fc*  =s  F(7[  1.0  +  0.002 (p)FQ2/sin(29)]0-25.  257  parameters  refined :  atom  coordinates, 

anisotropic  thermal  parameters  for  all  non-H  atoms,  H  atoms  included  using  riding  model 
(coordinate  shifts  of  C  applied  to  attached  H  atoms),  C-H  =  0.96  A,  C-C-H  =  109.5 
(methyl  H) ,  U(H)  =  1.1  Ueq(C) .  (A/c)  max  =  0.005,  R  =  0.045,  wR  =  0.047,  S  =  1.995. 
Final  difference  Fourier  excursions  0.25  and  -0.24  eA3.  Atomic  scattering  factors  from 
International  Tables  for  X-ray  Crystallography  (1974).*  Atom  numbering  for  tables  1,  2, 
and  3,  atom  coordinates,  bond  distances  and  angles,  follows  that  shown  in  Fig.(lc). 


1  3 


,6,8, 10-pen  taazabicyclo{5.3.0]decane 


Table  lc.  Atomic  coordinates  (xlO4)  and  equivalent  Isotropic 


displacement 

parameters 

(A2X103) 

X 

y 

z 

»(eq) 

cm 

1284(9) 

1324(3) 

5238(2) 

26(1) 

M(2) 

13(4) 

1173(2) 

4532(2) 

29(1) 

C(  3 ) 

-1499(9) 

607(3) 

4779(3) 

39(1) 

H<4) 

-1313(4) 

-571(3) 

4723(2) 

38(1) 

C  ( 5 ) 

-39(3) 

-1096(3) 

5260(3) 

37(1) 

N(  6) 

1614(4) 

-717(2) 

5045(2) 

31(1) 

C(  7 ) 

2319(4) 

280(3) 

5432(2) 

26(1) 

H(8) 

2430(4) 

266(2) 

6452(2) 

31(1) 

C(9) 

1212(9) 

938(3) 

6911(3) 

36(1) 

N(10) 

640(4) 

1636(2) 

6147(2) 

29(1) 

H(  2 '  ) 

-36(4) 

1943(3) 

3808(2) 

39(1) 

0( 2 ’ A) 

-1391(4) 

2020(3) 

3378(2) 

58(1) 

0  (  2  '  B ) 

1182(4) 

2462(3) 

3638(2) 

52(1) 

M(4') 

-1880(4) 

-1092(3) 

3905(3) 

46(1) 

0( 4 ' A) 

-1674(9) 

-2076(3) 

3856(3) 

65(1) 

0(4 ’B) 

-2627(4) 

-536(3) 

3333(2) 

57(1) 

W(6'  ) 

2368(3) 

-1349(3) 

4448(2) 

39(1) 

0(6’ A) 

3971(4) 

-1054(3) 

4293(2) 

48(1) 

0( 6 1 B) 

1946(«) 

-2176(2) 

4130(2) 

58(1) 

C(ll) 

3814(9) 

-23(3) 

6971(3) 

33(1) 

C(  12) 

3237(3) 

-475(4) 

6466(3) 

49(1) 

0(13) 

3782(4) 

91(2) 

7824(2) 

49(1) 

C(  14) 

33(5) 

2677(3) 

6260(3) 

30(1) 

C(  19 ) 

-310(6) 

3041(3) 

7237(3) 

43(1) 

0(16) 

-99(3) 

3261(2) 

5565(2) 

38(1) 

*  Equivalent  Isotropic  U  defined  as  one  third  of  the 
trace  of  the  orthogonal ized  tensor 


.  >•  v  v  v  't*,v 
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Table  2c.  Bond  lengths  (A) 


C(l)-M(2) 

1.452(5) 

C( 1 ) -N{ 10) 

1.444(4) 

N ( 2 ) -N { 2 ' ) 

1.395(4) 

K(4)-C(5) 

1.440(5) 

C(5)-K(6) 

1.456(5) 

N ( 6) -H { 6 1 ) 

1.385(4) 

N( 8 ) -C ( 9 ) 

1.455(5) 

C(9)-N( 10} 

1.455(5) 

N(  2  '  ) -0( 2 ' A) 

1.222(5) 

M  ( 4 '  )  -0  ( 4  1 A ) 

1.217(5) 

C(ll)-C(12) 

1.484(5) 

C { 14 ) -C ( 15 ) 

1.485(5) 

Tabic  3c.  Bond 

angles  (°) 

C ( 1 ) -C ( 7 ) 

1.555(5) 

N( 2 ) -C ( 3 ) 

1.454(5) 

C ( 3 ) -N ( 4 ) 

1.450(5) 

N( 4 ) -N ( 4 ' ) 

1.401(5) 

N( 6 ) -C ( 7 ) 

1.457(4) 

C ( 7 ) -N ( 8 ) 

1.450(4) 

N(8)-C( 11 ) 

1.379(5) 

N( 10 ) -C ( 14 ) 

1.370(5) 

N( 2 ' ) -0 ( 2 1 B ) 

N( 4 ' ) -0 ( 4 ' B) 

1.216(5) 

1.222(5) 

C ( 1 1 ) -0 ( 13 ) 

1.218(5) 

C ( 14 ) -0 ( 16 ) 

1.225(4) 

N( 2 ) -C( 1 ) -C( 7) 

C  ( 7 ) -C ( 1 ) -N( 10 ) 

C ( 1 ) -N( 2 ) -N ( 2 ' ) 
N(2)-C(3)-N(4) 

C ( 3 ) -H ( 4 ) -N ( 4 1 ) 

N( 4 ) -C ( 5 ) “N ( 6 ) 

C( 5 ) -N ( 6 ) -N ( 6 '  ) 

C( 1 ) -C( 7 ) -N( 6 ) 
C(6)-C(7)-N(8) 

C ( 7 ) -N ( 8 ) -C ( 1 1 ) 

M( 8 ) -C { 9 ) -N ( 10 ) 

C ( 1 ) -N ( 10 ) -C ( 14 ) 

N(2)-N(2' )-0{2'A) 

0( 2 ' A) -H( 2 1 ) -0 ( 2 ' B ) 
M(  4 ) -M(  4* )-0(4'B) 

M( 6 ) -N( 6 1 ) -0 ( 6 1 A ) 

0( 6 1  A) -H ( 6 ' ) 0 ( 6 ' B ) 
M { 8 ) -C (11) -0 (13) 
N(10)-C(14)-C(15) 

C ( 1 5 ) -C ( 1 4 ) -0 ( 1 6 ) 


113.9(3} 

104.8(3) 

116.8(3) 

112.0(3) 

117.7(3) 

114.5(3) 

118.0(3) 

114.0(3) 

113.3(3) 

126.5(3) 

102.7(3) 

118.5(3) 

117.1(3) 

125.2(3) 

117.4(3) 

118.1(3} 

124.7(4) 

119.0(4) 

117.2(3} 

123.8(3) 


N( 2 ) -C ( 1 ) -N (10) 

C ( 1 ) -N ( 2 ) -C ( 3 ) 

C ( 3 ) -N ( 2 ) -N ( 2 ' ) 

C ( 3 ) -N ( 4 ) -C (5) 

C ( 5 ) -N { 4 ) -N( 4 ' ) 
C(5)-H(6)-C(7) 

C ( 7 ) -N ( 6 ) -N ( 6 ' ) 

C ( 1 ) -C ( 7 ) -N ( 8 ) 

C ( 7 ) -N ( 8 ) -C ( 9 ) 

C ( 9 ) -N ( 8 ) -C ( 1 1 ) 

C  ( 1 ) -N ( 1 0 ) -C ( 9 ) 

C ( 9 ) -N( 10 ) -C ( 14 ) 

N ( 2 ) -N ( 2 1 ) -0 ( 2 1 B ) 

N ( 4 ) -N ( 4 ' ) -0 ( 4 ' A ) 

0 ( 4 1 A ) -N ( 4 ) -0 ( 4 ’ B ) 
H ( 6 ) -N ( 6 ' ) -0 ( 6 ' B ) 
N(8)-C( 11 )-C( 12) 

C  ( 1 2  )  *-C  ( 1 1 )  ~0  (13) 
N( 10 ) -C ( 14 ) -Q ( 16 ) 


113.0(3) 

119.8(3) 

117.7(3) 

119.1(3) 

118.1(3) 

123.5(3) 

118.5(3) 

103.1(3) 

112.9(3) 

117.6(3) 

113.2(3) 

124.8(3) 

117.7(3) 

116.9(3) 

125.6(4) 

117.2(3) 

118.4(4) 

122.6(3} 

118.9(3) 


Abstract 


2,4-Dinitro-6,8,-dipropionyl-2,4,6,8-tetraazabicyclo[3.3.0]octane,  QoHi6N6C>6, 
Mr  =  316.27,  monoclinic,  C2/c,  a  ■  23.822(7),  b  =  6.163(2),  c  =  20.300(5)  AjJ  = 
106.54(2)°,  V  =  2857.0(12)  A3,  Z  =  8,  D*  =  1.471  Mg  nr3,  X(Mo  Ka)  =  0.71069  A,  \i  = 
8.10  ctrr1,  F(000)  =  1328,  T  =  295  K,  Final  R  =  0.075,  wR  =  0.064  for  201 1  independent 
reflections.  All  four  of  the  ring  nitrogens  axe  directed  away  from  the  cleft  of  the  two  rings. 
The  two  ring  nitrogens  involved  in  N-N  bonding  are  pyramidal;the  angles  between  the 
exocyclic  N-N  bonds  and  the  C-N-C  plane  are  44.4  and  42.5°.  The  tenninal  atoms  of  one  of 
the  propionyl  groups  shows  large  thermal  motion  but  no  disorder  can  be  discerned  in  the 
difference  maps. 

Experimental 

A  clear  colorless  0.05  x  0. 10  x  0.20  mm  data  crystal  recrystallized  from  ethyl 
acetate  was  provided  by  C.  Coon  of  Lawrence  Livermore  Laboratory.  Automated  Nicolet 
R3m  diffractometer  with  incident  beam  monochromator.  25  centered  reflections  within 
18  £  2e  £  27°  used  for  determining  lattice  parameters.  (sineiAOmax  =  0.55  A’1*  range  of 
hkl:  -26  £  h  £  24, 0  iS  k  S  6, 0  ££  20.  Standards  600,  332, 006,  monitored  every  60 

reflections  with  random  variation  of  2.0  %  over  data  collcction,e/2e  mode,  scan  width 
[2e(Kai)  -  0.6]  to  [2e(Kot2)  +  0.6]°,  scan  rate  a  function  of  count  rate  (8.0/min.  minimum, 

30.0°/min.  maximum),  2497  reflections  measured,  2011  unique,  Rjnt  =  0.04, 1307 
observed  with  Fo>3c(Fo).  Data  corrected  for  Lorentz  and  polarization,  but  not  absorbtion 

effects .  Structure  solved  by  direct  methods.  The  least-squares  refinement  used  the 
Micro  VAX  version  of  program  SHELXTL  (  Sheldrick  1980  ).£w(IF0l-IFcl)2  minimized 
where  w  =  1/[<t2(1F0I)  +  g.(Fo)2],  g  =  0.00023.  221  parameters  refined :  atom  coordinates, 

anisotropic  thermal  parameters  for  all  non-H  atoms,  H  atoms  included  using  riding  model 
(coordinate  shifts  of  C  applied  to  attached  H  atoms),  C-H  *  0.96  A,  C-C-H  =  109.5 
(methyl  H) ,  U(H)  *  1.1  U^C) .  (A/a)  max  =  0.345,  R  =  0.075,  wR  =  0.064,  S  =  1.44. 
Final  difference  Fourier  excursions  0.34  and  -0.32  eA‘3.  Atomic  scattering  factors  from 

1  7 


International  Tables  for  X-ray  Crystallography  (1974).*  Atom  numbering  for  tables  1,  2, 
and  3,  atom  coordinates,  bond  distances  and  angles,  follows  that  shown  in  Fig.(ld). 


3.3.0]octane 


C22 


Table  Id.  Atomic  coordinates  and  equivalent  isotrc^ic 

2  2 

displacement  parameters  (A  xlO  ) 


X 

y 

z 

U(eq) 

C  (  1 ) 

0.5790(2) 

0.0841(10) 

0.3632(3) 

3.4(2) 

H(2) 

0.5313(2) 

0.2419(8) 

0 . 3581 ( 2  ) 

3.2(2) 

C  ( 3  ) 

0.5082(3) 

0 . 1990(9) 

0.4165(3) 

3.5(2) 

N(4) 

0.5148(2) 

-.0333(7) 

0 .4286(2 ) 

3.4(2) 

C  (  5 ) 

0.5675(2) 

-. 105 1 ( 10) 

0.4087(3) 

3.3(2) 

N  ( 6 ) 

0.6191(2) 

-.1124(8/ 

0 . 4666(2 ) 

3.8(2) 

C(  7  J 

0.6542(3) 

0 . 0841 ( 10) 

0.4730(3) 

4.4(3) 

N  (  8 ) 

0.6355(2) 

0. 1678(8) 

0.4023(2) 

4.0(2) 

N(  9 ) 

0.4897(2) 

0.2515(8) 

0 . 2930(3) 

4.1(2) 

0(10) 

0.5087(2) 

0.2410(7) 

0 . 2432 ( 2 ) 

5.2(2) 

0(11) 

0.4389(2) 

0 . 2890(7 ) 

0.2912(2) 

5.5(2) 

N(  12 ) 

0.4636(2) 

-.1569(9) 

0.4023(3) 

4.1(2) 

0(13) 

0.4170(2) 

-.0696(8) 

0.3997(2) 

5.8(2) 

0(14) 

0.4692(2) 

-.3474(7) 

0 . 3891 ( 2 ) 

5.2(2) 

C  (  15 ) 

0.6286(3) 

- . 2843 ( 10) 

0.5114(3) 

4.1(2) 

0(16) 

0.5940(2) 

-.4334(7) 

0.5011(2) 

5.3(2) 

C  (  17 ) 

0.6833(3) 

-.2718(11) 

0.5721(3) 

4.6(3) 

C  ( 18 ) 

0.6859(5) 

- . 4468 ( 14) 

0.6234(4) 

8.5(4) 

C  (  19 ) 

0.6672(3) 

0 . 3279 ( 12) 

0.3835(4) 

5.9(3) 

0(20) 

0.7098(2) 

0.4024(9) 

0.4251(3) 

8.9(2) 

C  (  2 1 ) 

0.6466(4) 

0.3955(21) 

0.3084(5) 

10.5(5) 

C  (  22 ) 

0.6856(6) 

0.5147(40) 

0 . 2845(9) 

24.5(12) 

*  Equivalent  isotropic  U  defined  as  one  third  of  the 
trace  of  the  orthogonal  ized  tensor 


Table  2d.  Bond  lengths  (A) 


Table  3d.  Bond  angles  ( 

C  (  5 )  -C  ( 1 )  -N (  2  )  I' 

N( 8 ) -C ( 1 ) -C ( 5  )  H 

N ( 9 ) -N { 2 ) -C ( 1 ) 

N  (  4  )  -C  (  3  )  -N  {  2  )  1' 

N  (  1 2  ) -N ( 4 ) -C ( 3 )  1 

N(  4 )  -C  (  5  )  -C  (  1 )  I' 

N { 6 ) -C ( 5 ) -N( 4 )  1 

C ( 15 ) -N (  6 ) -C ( 5 )  1 

N  (  8  )  -C  (  7  )  -N  (  6 )  1 

C ( 19 ) -N ( 8 ) -C (  1 )  1 

0( 10) -N(9) -N( 2)  1 

0  (  1 1 )  -N  (  9 )  -0  (10)  1: 

0(14) -N ( 12 ) -N ( 4 )  1 

0( 16)-C( 15)-N(6)  1 

C ( 1 7 ) -C (15) -0 (16)  1 

0 ( 20 ) -C ( 19 ) -N ( 8 )  1 

C(21)-C(19)-0(20)  1 


C(l)-M(2) 

1.478(7) 

C  (  1 ) ~C ( 5  ) 

1 .560(7) 

C ( 1 ) -N( 8 ) 

1.448(7) 

N(2)-C(3) 

1.465(7) 

N( 2 ) -N{ 9 ) 

1.409(6) 

C ( 3 ) -N ( 4 ) 

1 . 454 (6) 

H(4)-C(5) 

1.493(7) 

N( 4 ) -N( 12 ) 

1.407(6) 

C ( 5 ) -N( 6 ) 

1.439(6) 

N  (  6 )  — C  (  7 ) 

1.456(7) 

N(6)-C( 15) 

1.372(7) 

C  (  7 ) -N ( 8 ) 

1.470(7) 

N(8)-C( 19) 

1.361(7) 

N( 9 } -0 ( 10 ) 

1.223(6) 

N ( 9 ) —0 (11) 

1 . 221(6) 

N( 12 ) -0 ( 13 ) 

1 . 222(6) 

N ( 12 ) -0 ( 14 ) 

1 . 220(6) 

C( 15)-0( 16) 

1 . 212 ( 7 ) 

C( 15) -C( 17) 

1.519(8) 

C( 17)-C( 18) 

1.488(8) 

C( 19)-0( 20) 

1 .211(7) 

C ( 1 9 ) -C ( 2 1 ) 

1.521(9) 

C ( 2 1 ) -C ( 22 ) 

1 .377( 12) 

105 .8(4) 

N(8)-C(l)-N(2) 

112.4(5) 

103.6(4) 

C  (  3 ) -N ( 2 ) -C ( 1 ) 

106.5(4) 

114 .6(4) 

N  (  9 ) -N ( 2 ) -C ( 3 ) 

116.1(5) 

105 .5(5) 

C  (  5 ) -N ( 4 ) -C ( 3 ) 

107.7(5) 

115.4(5) 

N(  1 2 ) ~N ( 4 ) -C ( 5  ) 

116.2(4) 

104 .1(4) 

N ( 6 ) -C ( 5 ) -C ( 1 ) 

104.6(4) 

112.2(5) 

C  (  7 ) -N ( 6 ) -C ( 5 ) 

112.5(5) 

120.4(5) 

C(  15)-N(6)-C(7) 

126.9(5) 

101.4(5) 

C  (  7 )  -N  (_8 )  — C  (  1 ) 

112.7(5) 

127.5(5) 

C ( 19 ) -N ( 8 ) -C ( 7 ) 

119.3(5) 

116.5(5) 

0( 11)-N(9)-N(2) 

117.6(5) 

125 .6(5) 

0( 13)-N( 12)-N(4) 

117.1(5) 

117.9(5) 

0(14) ~N( 12 ) -0( 13 ) 

124.7(6) 

119.7(5) 

C  ( 1 7  )  - ..  (  ‘  5  )  -N  (  6 ) 

116.1(5) 

124. 2(6) 

C(  18 ) -C( 1 7 ) -C ( 15) 

112.7(6) 

120.2(6) 

C ( 2 1 ) -C ( IS) -N ( 8 ) 

115.6(6) 

124.2(7) 

C(22)-C(21)-C(19) 

116.2(9) 

WR' 


Abstract 


2,4-Diacetyl-6-nitro-2,4,6-triaza-8-oxabicyclo[3.3.0]octane,  QH12N405,  Mr  = 
244.21,  monoclinic,  a  =  7.801(1),  b  =  19.885(3),  c  =  7.077(1)  A,(3  =  91.4(1)°,  V  = 
1097.5(3)  A3,  Z  =  4,  Dx  =  1.478  Mg  nr 3,  X(Cu  Kd)  =  1.54178  A,p  =  10.24  cirri,  F(000) 

=  512,  T  =  295  K,  Final  R  =  0.036,  wR  =  0.049  for  1718  independent  reflections.  The 
Acetyl  substituted  five-membered  ring  is  planar  (average  absolute  ring  torsion  is  5.  P). 

The  nitramine  ring  is  an  envelope  with  C(7)  being  the  out  of  plane  atom.  The  nitramine 
group  is  pyramidal  with  a  C-N  to  C-N-C  angle  of  42. 6*.  Both  methyl  groups  have 
disordered  hydrogens  with  occupancies  of  60:40. 

Experimental 

A  clear  colorless  0.20  x  0.60  x  0.35  mm  data  crystal  recrystallized  from  ethyl 
acetate  was  provided  by  C.  Coon  of  Lawrence  Livermore  Laboratory.  Automated  Nicolet 
R3m  diffractometer  with  incident  beam  monochromator.  25  centered  reflections  within  30 
^  2e  <>  82°  used  for  determining  lattice  parameters.  ( sin(0) A)max  =  0.55  A*1-  range  of  hkl : 

-8  <;  h  ^  0,  -22  <i  k  <  19,  -8  ^  9.  Standards  600, 080, 004,  monitored  every  60  reflections 
with  random  variation  of  2.0  %  over  data  coIlection,e/2e  mode,  scan  width  ^(KaO  - 1.0] 
to  [2e(Kct2)  +  1.0  ]°,  scan  rate  a  function  of  count  rate  (4.0p/min.  minimum,  30.0°/min. 
maximum),  4679  reflections  measured,  1874  unique,  =  0.015,  1718  observed  with 

Fo>3a(F0).  Data  corrected  for  Lorentz  and  polarization,  but  not  absorbtion  effects. 

Structure  solved  by  direct  methods.  The  least-squares  refinement  used  program 
SHELXTL  (  Sheldrick  1980  ).  lw(IF0l-IFcl)2  minimized  where  w  =  l/[a2(IF0l)  +  g-lF^2],  g 

=  0.00023.  193  parameters  refined  :  atom  coordinates,  anisotropic  thermal  parameters  for 
all  non-H  atoms,  H  atoms  included  using  riding  model ,  C-H  =  0.96  A,  C-C-H  =  109.5* , 
U(H)  =  1.1  Ueq(C) .  Methyl  hydrogens  disordered,  restrained  to  tetrahedral  angles 
allowing  only  torsions  to  vary,  occupancy  refined  to  60:40  for  both  methyl  groups,  A/a) 
max  =  0.1 12,  R  =  0.036,  wR  =  0.049,  S  =  2.20.  Final  difference  Fourier  excursions  0.23 
and  -0.16  eA‘3.  Atomic  scattering  factors  from  International  Tables  for  X-ray 


Crystallography  (1974).*  Atom  numbering  for  tables  1,  2,  and  3,  atom  coordinates,  bond 
distances  and  angles,  follows  that  shown  in  Fig.(le). 


Table  le.  Atomic  coordinates  and  equivalent  isotropic 


displacement 

parameters 

2  2 
( A  xlO*) 

X 

y 

z 

U(eq) 

C(l) 

0.3029(2) 

0.3674(1) 

0.4998(2) 

3.7(1) 

N  {  2 ) 

0.2131(2) 

0 . 3432 { 1 ) 

0.3325(2) 

3.8(1) 

C  (  3 ) 

0.0294(2) 

0.3371(1) 

0.3537(2) 

4.6(1) 

N  ( 4 ) 

0.0051 (2) 

0.3563(1) 

0.5489(2) 

4.1(1) 

C  ( 5 ) 

0.1589(2) 

0.3809(1) 

0.6411(2) 

3.7(1) 

N(  6 ) 

0.1577(2) 

0 . 4557(1 ) 

0.6568(2) 

4.3(1) 

C  ( 7 ) 

0.2562(2) 

0 . 4794(1 ) 

0.4968(3) 

4.9(1) 

0(8) 

0. 3853( 1 ) 

0 . 4303 ( 1) 

0.4743(2) 

4.8(1) 

C(  9) 

0.2871(2) 

0. 3150( 1 ) 

0 . 1795(2) 

4.4(1) 

C(10) 

0.4777(3) 

0 . 3187 ( 1 ) 

0.1687(3) 

6.8(1) 

0(11) 

0.1972(2) 

0 . 2892( 1 ) 

0 . 0556(2 ) 

5.9(1) 

C  ( 1 2  ) 

-.1466(2) 

0.3421(1) 

0 . 6311(3) 

5.0(1) 

C(  13) 

-.1651(3) 

0 . 359 1  ( 1 ) 

0.8346(3) 

7.1(1) 

0(14) 

-.2626(2) 

0.3173(1) 

0.5367(2) 

7.3(1) 

N{  6  '  ) 

0.2163(2) 

0.4810(1) 

0 . 8336(2) 

6.1(1) 

0  (  6A ) 

0.2789(3) 

0.5367(1) 

0.8340(3) 

9.8(1) 

0  ( 6B ) 

0.1848(3) 

0 . 4481  ( 1 ) 

0.9733(2) 

8.9(1) 

*  Squiva 

lent  isotropic  U  defined 

as  one  third 

of  the 

trace 

of  the  orthogonalized 

tensor 

Table  2e. 

Bond  lengths 

(A) 

... 

C ( 1 ) -N ( 2 )  1.444 

(2) 

C ( 1 ) -C ( 5 )  1.545 

(2) 

C ( 1 ) -0 ( 8 )  1.420 

(2) 

N ( 2 ) -C ( 3 )  1.450 

(2) 

N  (  2  ) -C ( 9 )  1.359 

(2) 

C  (  3 ) -N ( 4 )  1.449 

(2) 

N ( 4 ) -C ( 5 )  1.438 

(2) 

N ( 4 ) -C ( 1 2  )  1.361 

(2) 

C ( 5 ) -N ( 6 )  1.492 

(2) 

N(  6 ) -C ( 7 )  1.462 

(2) 

N ( 6 ) -N ( 6 ' )  1.414 

(2) 

C  (  7 ) -0 ( 8 )  1.414 

(2) 

C ( 9 ) -C ( 10 )  1.492 

(3) 

C  (  9 ) -0 ( 1 1 )  1.223 

(2) 

C ( 1 2 ) -C ( 13 )  1.490 

(3) 

C(  12) -0(14)  1.216 

(2) 

N ( 6 1 ) -0 ( 6A )  1.211 

(2) 

N l 6 ' ) -0 ( 6B )  1.215 

(2) 

Table  3e.  Bond  angles 

(°) 

C ( 5 ) -C ( 1 ) -N ( 2 ) 

104 ,0( 1  ) 

0  (  8 ) -C ( 1 j -N ( 2 ) 

113.7(1) 

0  (  8  )  -C  (  1 )  -C  (  5  ) 

105 .5(1) 

C  (  3 ) -N ( 2 ) -C ( 1) 

113.9(1) 

C ( 9 ) -N ( 2 ) -C ( 1 ) 

125.7(1) 

C  (  9 ) -N ( 2 ) -C ( 3 ) 

119.2(1) 

N( 4 ) -C ( 3 ) -N ( 2 ) 

103 .2(1) 

C l 5 ) -N ( 4 ) -C ( 3 ) 

113.3(1) 

C(  1 2 ) -N ( 4 ) -C ( 3 ) 

119.1(1) 

C ( 1 2 ) -N ( 4 ) -C ( 5 ) 

126. 9( 1 ) 

N  (  4  )  -C  (  5  )  -C  (  1) 

105. 0( 1) 

N  (  6 ) -C ( 5 ) -C ( 1  ) 

103 .1(1) 

N ( 6 ) -C ( 5 ) -N ( 4 ) 

111.5(1) 

C  (  7 ) -N ( 6 ) -C ( 5 ) 

105 .1(1) 

N ( 6 ' ) -N ( 6 ) -C ( 5 ) 

114.7(1) 

N  (  6  1  )  -N  (  6 )  -C  (  7  ) 

113.9(1) 

0 ( 8 ) -C ( 7 ) -N ( 6 ) 

104 .7(1) 

C ( 7 ) -0 ( 8 ) -C ( 1 ) 

105 .6(1) 

C ( 10 ) -C ( 9 ) -N ( 2 ) 

117.5(1) 

0(  11 ) -C(9) -N( 2) 

119.8(2) 

0(  1 1 ) -C ( 9 ) -C (  10) 

122.6(2) 

C(  13) -Cl  1 2 ) -N ( 4 ) 

118.2(2) 

0(  14 ) -C( 12 ) -N( 4 ) 

119.5(2) 

0(  1 4 ) -C ( 1 2 ) -C ( 13) 

122.3(2) 

0 { 6A ) -N ( 6 1 ) -N( 6 ) 

116.7(2) 

0 ( 6B ) -N ( 6 ' ) -N ( 6 ) 

117.5; i } 

0( 6B) -N( 6 ' ) -0( 6A) 

125.4(2) 

25 


Abstract 

2,4,6,8-Tctrabenzyl-2,4,6,8-tetraa2abicyclo[3.3.0]octane,  Q2H34N4,  M,  =  474.65, 
triclinic,  PT,  a  =  10.952(2),  b  *  12.069(2),  c  =  22.038(4)  A,ct  =  75.44(1),  p  =  83.03(2), 
Y=  77.66(10)°,  V  *  2746.8(4)  A3,  Z  *  4  (two  molecules  per  asymmetric  unit),  D*  =  1.148 
Mg  m-3,  X(Cu  Kct)  -  1.54178  A,  n  *  4.92  cnr1,  F(000)  =  1015,  T  -  295  K,  Final  R  = 
0.073,  wR  =  0.065  for  4435  independent  reflections. 

Experimental 

A  clear  colorless  0. 10  x  0. 10  x  0.41  mm  data  crystal  recrystallized  from  methanol 
was  provided  by  A.  Nielsen  of  NWC,  China  Lake.  Automated  Nicolet  R3m  diffractometer 
with  incident  beam  monochromator.  15  centered  reflections  within  41  £  63°  used  for 

determining  lattice  parameters.  (sincejAOmax  *  0.55  A*1*  range  ofhkl:  -11  £  h  £  1 1, 

0  £  k  £  13,  -23  24.  Standards  0  0  10,  401, 166,  monitored  every  60  reflections  with 

random  variation  of  2.1  %  over  data  collection,  fi/2e  mode,  scan  width  [2a(Koti)  - 1.0]  to 
[20(K<X2)  +  1.0  ]°,  scan  rate  a  function  of  count  rate  (8.(F/min.  minimum,  30.(f/min. 
maximum),  841 1  reflections  measured,  7544  unique,  *  0.07,  4435  observed  with 

Fo>3o(F0).  Data  corrected  for  Lorentz  and  polarization,  but  not  absorbtion  effects  . 

Structure  solved  by  direct  methods.  The  least-squares  refinement  used  program 
SHELXTL  ( Sheldrick  1980 ).  Xw(1F0!-IFcl)2  minimized  where  w  =  l/[a2(IF0l)  +  g.(F0)2], 
g  =  0.0004.  Secondary  extinction  parameter  p  *  0.0008(2)  in  Fc*  *  1.0  + 

0.002(p)Fo2/sin2e]°-25  .  650  parameters  refined  :  atom  coordinates,  anisotropic  thermal 
parameters  for  all  non-H  atoms,  benzene  group  atoms  constrained  to  move  as  rigid  groups, 
H  atoms  included  using  riding  model  (coordinate  shifts  of  C  applied  to  attached  H  atoms), 
C-H  -  0.96  A,  C-C-H  =  109.5°  (methyl  H) ,  U(H)  -  I.IU^Q .  (A/a)  max  *  0.18,  R  = 

0.073,  wR  =  0.065,  S  =  1.352.  Final  difference  Fourier  excursions  0.23  and  -0.18  eA3. 
Atomic  scattering  factors  from  International  Tables  for  X-ray  Crystallography  (1974).* 
Atom  numbering  for  tables  1,  and  2  ,  atom  coordinates,  bond  distances  and  angles,  follows 
that  shown  in  Fig.(lf). 


J 


Table  If.  Atom  coordinates  (xlO4)  and  thermal  parameters  (A2  x  103) 


atom 

X 

y 

z 

U 

C(l) 

305(3) 

8924(3) 

2899(2) 

54(1)* 

N(2) 

1016(3) 

8770(2) 

2317(1) 

61(1)* 

C(  3 ) 

294(3) 

9569(3) 

1812(2) 

68(2)* 

N(4) 

-1010(3) 

9533(2) 

2017(1) 

60(1)* 

C(  5) 

-1059(3) 

9259(3) 

2714(2) 

58(2)* 

N(6) 

-1567(2) 

1024 1(2) 

3001(1) 

57(1)* 

C(  7 ) 

-532(3) 

10832(3) 

2975(2) 

61(2)* 

N(8) 

538(2) 

9894(2) 

3 14  4(  1 ) 

53(1)* 

C(  9) 

2328(3) 

8855(3) 

2283(2) 

74(2)* 

C(2a) 

4225(4) 

8620(4) 

1536(2) 

86(2)* 

C(3a) 

5041(4) 

8029(5) 

1137(2) 

110(3)* 

C(4a) 

4753(5) 

707  1(  5) 

10 15( 3) 

118(3)* 

C(5a) 

3664(5) 

6716(4) 

1265(2) 

106(3)* 

C(6a) 

2850(4) 

7296(3) 

1668(2) 

83(2)* 

C(  la ) 

3147(3) 

8263(3) 

1814(2) 

64(2)* 

C(10) 

-1465(4) 

8658(3) 

1785(2) 

70(2)* 

C(2b) 

-1185(4) 

8366(4) 

697(2) 

103(2)* 

C(3b) 

-1460(4 ) 

8688(4) 

72(2) 

122(3)* 

C(4b) 

-2220(4) 

9710(4) 

-154(2) 

96(2)* 

C(5b) 

-2750(4) 

10384(4) 

241(2) 

100(2)* 

C(6b) 

-2485(4) 

10057(3) 

867(2) 

87(2)* 

C(lb) 

-1698(3) 

9047(3) 

1101(2) 

58(2) * 

C(  11 ) 

-2731(3) 

10972(3) 

2781(2) 

75(2)* 

C(2c) 

-4048(4) 

12805(4) 

30.29(3) 

115(3)* 

C(3c) 

-4647(4) 

13435(4) 

3459(3) 

165(4)* 

C(4c) 

-4564(5) 

13039(6) 

4074(3) 

179(4)* 

C(5c) 

-3890(4) 

11934(5) 

4303(3) 

135(3)* 

C(6c) 

-3288(4) 

1  1276(4  ) 

3879(2) 

93(2)* 

C(lc) 

-3359(3) 

11697(3) 

3246(2) 

78(2)* 

C(  12 ) 

644(3) 

9568(3) 

3826(1) 

63(2)* 

C(  2d ) 

587(4) 

11139(3) 

4412(2) 

77(2)* 

C(  3d ) 

1163(5) 

11916(4) 

4591(2) 

92(2)* 

C(4d) 

2375(5) 

11980(4) 

4389(2) 

92(2)* 

C(5d) 

3013(4) 

11294(4) 

4008(2) 

98(2)* 

C(6d) 

2450(4) 

10520(4) 

3833(2) 

82(2)* 

C(  Id) 

1233(4) 

10428(3) 

4032(2) 

6 2( 2  )  * 

C(  1  •  ) 
N(2'  ) 

-558(3) 

16155(3) 

7102(2) 

57(1)* 

-676(2) 

15291(2) 

6765(1) 

58(1)* 

C  ( 3  *  ) 

209(3 ) 

14238(3) 

7031(2) 

65(2)* 

N(4'  ) 

1311(3) 

14646(2) 

7134(1) 

55(1)* 

C(  5 '  ) 

813(3) 

15816(3) 

7263(2) 

57(2)* 

N(6*  ) 

741(3) 

15857(2) 

7916(1) 

61(1)* 

C  (  7  '  ) 

N(  8 '  ) 

-452(3) 

15551(3) 

8185(2) 

70(2)* 

-1328(3) 

16108(2) 

7702(1 ) 

58(1)* 

C(  9  *  ) 

-1946(3) 

15125(3) 

6755(2) 

68(2)* 

C( 6a  '  ) 

-1352(4 ) 

1 4594 { 3) 

5709(2) 

75(2)* 

C( 5a ' ) 

-1553(4) 

14072(4) 

5249(2) 

85(2)* 

C(4a  '  ) 

-2503(5) 

13477(4) 

5329(2) 

89(2)* 

C  (  3a  '  ) 
C(2a  •  ) 

-3244(4 ) 

13388(4) 

5869(2) 

92(2)* 

-3033(4) 

13883(  3  ) 

6338(2 ) 

75(2)* 

C(la') 

-2096(3) 

14517(3) 

6256(2) 

58(2)* 

C{ 10  '  ) 

2  22 1  (  3  ) 

1 47 1 0 ( 3  ) 

6582(2) 

68(2)* 

C(6b'  ) 

3  7  2  6  (  3  ) 

12853(3) 

6974(2) 

74(2)* 

C( 5b  •  ) 

4  40  8 ( 3) 

11771(4  ) 

6921(2) 

82(2)* 

C(4b'  ) 

4298(4) 

11354(3) 

6411(2) 

85(2)* 

C( 3b'  > 

35  30 ( 4  ) 

1  1 99  9 ( 3) 

5960(2) 

91(2)* 

C(2b' ) 

2861(4) 

13078(3) 

6017(2) ■ 

80(2)* 

C{ lb'  ) 

2942(3 ) 

13518(3) 

6525(2) 

58(2)* 

C( 1 1 '  ) 

1815(3) 

15247(3) 

8269(2) 

77(2)* 

C( 6c  1  ) 

C{ 5c '  ) 

C( 4c  '  ) 

1493(4) 

16728(4) 

8918(2) 

89(2) 

1459' 5 ) 

17032(5) 

9481(3) 

114(3) 

1687(5) 

16202(7) 

10014(3  ) 

130(4) 

C( 3c '  ) 

1961(5) 

15068(6) 

9995(2) 

135(3) 

C  (  2c  '  ) 

C( lc’  ) 

1995(4) 

14756(4) 

9431(2) 

96(2) 

1758(3) 

15566(4) 

8888(2) 

68(2) 

C( 12'  ) 

-1990(3) 

17270(3) 

7778(2) 

75(2) 

C ( 6d  '  ) 

-3869(4) 

16508(4) 

8339(2) 

94(2) 

C( 5d '  ) 

-4844(4 ) 

16462(4) 

8797(2) 

112(3) 

C  (  4d  '  ) 

-4946(5) 

17098(4) 

9234(3) 

107(3) 

C(  3d'  ) 

C ( 2d  '  ) 

-4093(5) 

17773(4) 

9214(2) 

112(3) 

-3122(4 ) 

17823(3) 

8750(2) 

93(2) 

C  ( Id '  ) 

-3009(4) 

17198(3) 

8299(2) 

64(2) 

*  Equivalent  isotropic  U  defined  as  one  third  of  the 
trace  of  the  orthogonal ised  U  tensor 


Table  2f.  Bond  Lengths  (A)  and  bond  angles  (deg.) 


C( 1 )-N ( 2  )  1.450(4) 

C(l)-N(8)  1.485(5) 

N  ( 2  )  -C ( 9 )  1.453(  5  ) 

N  ( 4  )  -C  (  5  )  1.485(4) 

C( 5 )-N ( 6  )  1.456(4) 

N ( 6 ) -C ( 11)  1.446(4) 

N( 8 ) -C ( 12 )  1.468(4) 

C(2a)-C(3a)  1.389(7) 

C(3a)-C(4a)  1.  357(10) 

C( 5a )-C( 6a  )  1.389(6) 

C(  10 )-C( lb )  1.497(5) 

C( 2b)-C( lb)  1.353(6) 
C(4b)-C(5b)  1.337(6) 

C( 6b )-C ( lb )  1.356(5) 

C(2c)-C(3c)  1.379(8) 

C(3c)-C(4c)  1.328(10) 

C(5c)-C(6c)  1.391(8) 

C(  1 2  )-C ( Id )  1.515(6) 

C( 2d) -C (  Id )  1.  376(5) 

C(4d)-C(5d)  1.355(7) 

C(6d)-C(ld)  1.371(6) 

C ( 1  *  )  -C ( 5  '  )  1.530(  5) 

N ( 2 ' ) — C ( 3 ' )  1.462(4) 

C ( 3 *  )-N (  4 * )  1.459(  5) 

N ( 4 • ) -C (  1 0  * )  1.474(  4) 

N  ( 6 '  ) -C ( 7  ' )  1.450(  5) 

C(  7  '  )  — N  (  8  *  )  1.  456(  4) 

C(9 '  )-C( la  '  )  1.  508(6) 

C(  6a  '  )  -C  (  la  '  )  1.  366(  5) 
C(4a  '  )-C( 3a '  )  1.350(7  ) 
C(  2a  '  )-C (  la '  )  1.  377(6) 
C(  6b ' ) -C ( 5b ' )  1.384(6  ) 
C(  5b '  )  — C  (  4b  '  )  1.  370(  7  ) 
C(  3b  '  )-C ( 2b '  )  1.378(  5) 
C(  11'  )-C( lc '  )  1.499(6) 
C(6c  '  )  — C ( lc '  )  1  .  387(  7) 
C(4c  1  )-C( 3c '  )  1  .  348(  1  1) 
C( 2c '  ) -C ( lc’  )  1  .  354(6  ) 
C(  6d  '  )-C(  5d  '  )  1 .  3  78(6) 
C( 5d '  )-C ( 4d ' )  1  .  356(8) 
C(  3d '  )-C ( 2d  '  )  1  .  383(7) 


C  (  1 ) -C ( 5 )  1.538(5) 

N ( 2 >  — C (  3 )  1.463(4) 

C  (  3 )  -N  (  4 )  1.450(4) 

N  (  4 ) -C ( 10)  1.478(5) 

N(6)-C(7)  1.452(5) 

C(7)-N(8)  1.456(4) 

C ( 9  )  -C ( la )  1.501(5) 

C(2a)-C(la)  1.366(5) 

C(4a)-C(5a)  1.360(8) 

C  (  6a  )  -C  ( la  )  1.  395(6) 

C(2b)-C(3b)  1.386(6) 

C(3b)-C(4b)  1.348(6) 

C(5b)-C(6b)  1.385(6) 

C{ll)-C(lc)  1.518(6) 
C ( 2c ) -C ( lc )  1.386(5) 

C(4c)-C(5c)  1.382(8) 

C( 6c )-C ( lc )  1.367(6) 

C ( 2d ) -C ( 3d )  1.390(7) 

C ( 3d ) — C ( 4d )  1.359(8) 

C(5d)-C(6d)  1.374(7) 

C ( 1  * ) -N( 2  '  )  1.458(5) 

C (  1 '  )  — N ( 8 ’  )  1.475(4  ) 

N ( 2  '  )  -C ( 9  '  )  1.450(5  ) 

N ( 4  '  )  -C (  5 1 )  1.486(4  ) 

C ( 5 '  ) -N ( 6 '  )  1.444(  5  ) 

N(6')-C(ll')  1.447(4) 

N ( 8 '  )  -C ( 1 2  '  )  1.474  (  4  ) 

C( 6a  '  )-C( 5a '  )  1.381(7) 
C ( 5a  '  )-C ( 4a '  )  1.  357(  7  ) 
C( 3a '  )-C( 2a ’ )  1.  379(7  ) 
C(  10' )-C( lb' )  1.513(5) 
C ( 6b ' ) -C ( lb ' )  1.369(5) 
C ( 4b '  )-C ( 3b ' )  1.355(  5  ) 
C( 2b'  )-C( lb' )  1.  375(  6) 
C( 6c' )-C( 5c' )  1.372(8) 
C ( 5c  ’  ) -C ( 4c ' )  1  .  348  (  8  ) 
C( 3c’  )-C ( 2c '  )  1.378(8) 
C(  12'  )-C( Id'  )  1.501(5) 
C ( 6d  '  )-C(  Id'  )  1  .  367(7  ) 
C ( 4d '  )-C ( 3d  '  )  1.  355(8) 
C ( 2d'  )-C(  Id '  )  1.371(6) 


TABLE  2  f.  Bond  angles  (deg. ) 

N  ( 2 ) -C ( 1 ) -C ( 5 )  103.1(3) 

C(5)-C( 1)-N(8)  106.6(2) 

C(l)-N(2)-C(9)  115.2(3) 

N(  2  )-C ( 3 ) — N ( 4 )  105.6(2) 

C(  3 ) -N ( 4 )-C ( 10)  111.9(3) 

C(l)-C(5)-N(4)  106.9(2) 

N(  4  )  -C ( 5 ) -N ( 6 )  115.5(2) 

C( 5 ) -N ( 6 ) - ' ( 11)  116.9(3) 

N(6)-C(7)-N(8)  104.5(2) 

C(  1  )-N ( 8 ) — C ( 12 )  112.4(2) 

N(2)-C(9)-C( la)  114.1(3) 

C  (  2a  )  -C ( 3a ) -C ( 4a )  119.0(5) 

C(4a)-C(5a)-C(6a)  120.8(5) 

C(9 )-C( la )-C( 2a )  121.5(4) 

C(  2a )-C( la ) -C ( 6a )  117.8(3) 

C(3b)-C( 2b)-C( lb)  121.3(4) 

C(3b)-C(4b)-C(5b)  118.9(4) 

C(5b)-C(6b)-C(lb)  121.5(4) 

C(  10)-C( lb)-C(6b)  121.7(3) 

N(  6  )-C( 1 1 )-C ( lc )  111.0(3) 

C(2c)-C( 3c)-C(4c)  122.7(5) 

C(4c)-C(5c)-C(6c)  119.0(5) 

C(  11  )-C  (  lc  )-C  (  2c  )  119.9(4) 

C(2c)-C( lc)-C(6c)  118.4(4) 

C(3d)-C( 2d)-C( Id)  120.6(4) 

C(3d)-C(4d)-C(5d)  119.9(5) 

C(5d)-C(6d)-C(  Id)  121.1(4) 

C( 12)-C( ld)-C(6d)  119.5(3) 

N(2’)-C( l')-C(5' )  103.3(3) 

C  (  5  *  )-C ( 1 '  )-N( 8 '  )  106.8(3) 

C( 1 * )-N ( 2' )-C ( 9 ' )  114.8(3) 

N( 2' )-C( 3* )-N( 4 ' )  105.3(3) 

C(3 '  )-N( 4' )-C( 10*  )  111.6(3) 

C ( l *  )-C(5'  )-N(4'  )  107.1(3) 

N( 4 '  )-C  (  5 ' ) — N ( 6 '  )  115.0(2) 

C( 5 '  )-N ( 6  '  )-C ( 11'  )  117.3(3) 

N( 6 '  ) -C ( 7 '  ) -N ( 8 ' )  105.4(2) 

C( 1 ' )-N ( 8 ' )-C( 12 ' )  112.6(2) 

N(  2  *  )  -C  (  9  *  )  -C  (  la  *  )  113.4(3) 

C  ( 6a  '  )  -C  (  5a  '  )  -C  (  4a  1  )  120.6(4) 
C(4a ' )-C( 3a  '  )-C( 2a  '  )  120.7(5) 
C(9 '  )  — C ( la  *  )-C(6a  '  )  122.5(4) 

C  ( 6a  '  )  -C  (  la  '  )  -C  (  2a  '  )  117.6(4) 
C(5b')-  C  ( 6b ' ) -C ( lb ' )  121.2(4) 

C  (  5b 1  )  -C ( 4b  '  )  -C ( 3b  '  )  120.1(4) 
C(  3b  '  )-C(  2b  '  )-C  (  lb  '  )  121.6(3) 
C(10*  )-C( lb’  )-C<  2b'  )  121.6(3) 
N(  6  *  )-C  (  1 1 '  )  -C  (  lc  '  )  112.3(3) 

C ( 6c '  ) -C ( 5c '  ) -C ( 4c  '  )  120.3(6) 
C ( 4c 1  )  -C { 3c 1 ) -C ( 2c ' )  119.9(5) 
C{ 11* )-C( lc ' )-C( 6c' )  120. 2 ( 3 ) 
C { 6c '  )  -C  { lc '  ) -C ( 2c '  )  117.3(4) 
C( 5d ’  ) -C ( 6d  '  )-C(  Id'  )  122.  1(5) 
C(5d'  )  — C ( 4d  *  )-C( 3d'  )  119.8(5) 
C  (  3d  '  )  -C  (  2d  '  )  -C  (  Id  '  )  120.7(5) 
C  < 1 2  * ) -C ( Id  *  ) -C ( 2d  *  )  12  1.7(4) 


N ( 2  )  ~C ( 1 )  -N ( 8 )  115.2(3) 

C  (  1 )-N ( 2 )-C ( 3  )  105.9(2) 

C( 3)-N(2)-C(9)  115.3(3) 

C  (  3 )  -N  <  4  )  -C  (  5  )  105.2(3) 

C(5)-M(4)-C( 10)  111.9(2) 

C(l)-C(5)-N(6)  102.5(3) 

C ( 5 ) — N ( 6 ) — C ( 7 )  105.6(2) 

C( 7)-N( 6 )-C( 1 1)  116.1(3) 

C( 1)-N(8)-C(7)  104.8(3) 

C ( 7  )-N ( 8 ) — C (12)  111.0(2) 

C(3a)-C(2a)-C(la)  122.2(5) 

C( 3a)-C(4a)-C(5a)  120.4(5) 

C(5a)-C(6a)-C( la)  119.6(4) 

C  ( 9  )-C  ( la  )-*C  (  6a  )  120.7(3) 

N(4)-C(l0)-C(lb)  112.8(3) 

C(2b)-C(3b)-C(4b)  120.5(4) 

C(4b)-C(5b)-C(6b)  120.6(4) 

C( 10)-C(lb)-C(“b)  121.0(3) 

C(2b)-C( lb)-C(6b)  117.2(3) 

C(3c)-C(2c)-C(lc)  119.1(5) 

C(3c)-C(4c)-C(5c)  119.3(6) 

C(5c)-C(6c)-C( lc)  121.4(4) 

C( 11)-C( lc)-C(6c)  121.7(3) 

8  ) -C ( 1 2 )-C ( Id )  110.9(3) 

C ( 2d ) -C ( 3d ) -C ( 4d )  119.9(4) 

C(4d)-C(5d)-C(6d)  120.5(4) 

C( 12)-C( ld)-C( 2d)  122.4(4) 

C(2d)-C( ld)-C(6d)  118.1(4) 

N(2* )-C(l' ) -N ( 8 ' )  114.9(3) 

C ( 1  1  ) -N ( 2 ' ) -C ( 3 '  )  105.5(3) 

C ( 3  * ) — N ( 2 '  )  —0 { 9 '  )  114.9(3) 

C( 3'  )-N(4*  )-C(5' )  104.7(2) 

C ( 5 ' )-N ( 4 ' ) -C ( 1 0 ' )  111.4(2) 

C (  1  *  )-C ( 5 ' ) -N ( 6 ' )  103.4(3) 

C ( 5  '  )-N( 6 '  )-C ( 7 '  )  105.8(3) 

C ( 7 ' ) -N ( 6 1  )-C(ll')  115.7(2) 

C (  1  ’  )-N ( 8  *  )  -C ( 7 •  )  104.9(2) 

C ( 7  *  )-N( 8'  )-C(  12' )  111.8(3) 

C(5a' )-C(6a')-C( la' )  121.0(4) 
C(5a')-C(4a*  )-C(3a'  )  119.2(5) 
C ( 3a  '  )-C ( 2a '  )-C ( la ' )  120.8(4) 
C( 9’  )-C(  la  '  )-C( 2a ' )  119.9(3) 

N ( 4 ' ) -C ( 10' )-C( lb*  )  1 12. 2(2) 

b'  )-C ( 5b '  )  — C (4b* )  119.6(3) 
C(4b')-C(3 b')-C(2b')  119.7(4) 
C ( 10’ ) -C ( lb ' ) -C ( 6b ' )  120.7(4) 
C(6b' )-C( lb' )-C( 2b' )  117.7(3) 
C ( 5c '  ) -C ( 6c '  )-C (  lc '  )  120.7(4) 
C( 5c'  ) -C ( 4c’  )-C( 3c' )  120.0(6) 
C ( 3c ' )-C ( 2c '  )-C (  lc  '  )  121.6(5) 
C( 11 '  )-C( lc'  )-C( 2c'  )  122.5(4) 
N ( 8 '  )-C ( 1 2  '  )  -C (  Id '  )  112.2(3) 

C ( 6d '  ) -C ( 5d '  ) -C ( 4d '  )  119.5(5) 
C  (  4d  '  )  -C  (  3d  '  )  -C  (  2d  '  )  120.5(5) 
C( 12' )-C(  Id'  )-C ( 6d '  )  120.9(4) 
C ( 6d '  ) -C ( Id '  )  — C ( 2d '  )  117.3(4) 


Abstract 

2,5,7 ,9-Tctranitro-8-acetoxy-2,5,7,9-tetraazabicyclo[4.3.0]nonanc,  QHjoNgOjo, 
M,  =  366.21,  monoclinic ,  P21/a,  a  =  1 1.206(2),  b  =  10.757(2),  c  =  23.026(4)  A, 

P  =  93.7(1)°,  V  -  2769.8(7)  A3,  Z  =  8,  D*  *  1.756  Mg  rrr3,  X(Cu  K a)  *  1.54178  A, 

»  14.0  cnr1,  F(000)  =  1504,  T  =  205  K,  Final  R  =  0.062,  wR  =  0.070  for  1979 
independent  reflections.  The  two  molecules  in  the  asymmetric  unit  have  essentially  the 
same  conformation.The  five  membeied  ring  is  an  envelope  and  the  six  membered  ring  is 
non-planar.  Each  of  these  two  rings  contains  a  planar  and  a  pyramidal  N  atom  with  the 
simalarly  configured  N  atoms  at  opposing  sides  of  the  ring. 

Experimental 

A  clear  colorless  0.35  x  0. 12  x  0.04  mm  data  crystal  was  provided  by  C.  Coon  of 
Lawrence  Livermore  Laboratory.  Automated  Nicolet  R3m  diffractometer  with  incident 
beam  monochromator.  20  centered  reflections  within  17  £  i  £  70°  used  for  determining 
lattice  parameters.  (siixejA),^  *  0.50  A*1,  range  of  hid  :  -7  <,  h  £  0,  -10  £  k  £  0,  -22 

22.  Standards  200, 020, 0  0  10,  monitored  every  60  reflections  with  random  variation  of 
2.0  %  over  data  collection,  e/2e  mode,  scan  width  [i(Kai)  - 1.0]  to  [2e(Kct2)  +  1.0  f ,  scan 

rate  a  function  of  count  rate  (8.(P/min.  minimum,  30.07min.  maximum),  3433  reflections 
measured,  2436  unique,  R^  =  0.032,  1979  observed  with  Fo>3a(F0).  Data  corrected  for 

Lorentz  and  polarization,  but  not  absorbtion  effects  .  Structure  solved  by  direct  methods. 
The  least-squares  refinement  used  program  SHELXTL  (  Sheldrick  1980  ).Iw(IF0l-IFcl)2 
minimized  where  w  =  l/[o2(IF0l)  +  g.(F0)2],  g  =  0.0004.  459  parameters  refined  :  atom 
coordinates,  anisotropic  thermal  parameters  for  all  non-H  atoms,  H  atoms  included  using 
riding  model  (coordinate  shifts  of  C  applied  to  attached  H  atoms),  C-H  =  0.96  A,  C-C-H  = 
109.5°  (methyl  H) ,  U( H)  =1.1  Ueq(C) .  (A /a)  max  =  0.32,  R  =  0.062,  wR  =  0.070,  S  = 

2.41.  Final  difference  Fourier  excursions  0.69  and  -0.46  eA*3.  Atomic  scattering  factors 
from  International  Tables  for  X-ray  Crystallography  (1974).*  Atom  numbering  for  tables 
1,  2,  and  3,  atom  coordinates,  bond  distances  and  angles,  follows  that  shown  in  Fig.(lg). 


m 


Table  lg.  Atomic  coordinates  and  equivalent  isotropic 

,2  2 

displacement  parameters  (AxlO  ) 


X 

y 

Z 

U(eq) 

c  (  1 ) 

0.9598(7) 

-.1272(6) 

0.3635(2) 

2.7(3) 

N(2) 

0.0838(6) 

-.1603(4) 

0 . 3708 ( 2 ) 

3.1(2) 

C(  3) 

0.1803(6) 

-.0708(6) 

0.3654(3) 

3.4(3) 

C  ( 4 ) 

0.1282(6) 

0.0434(6) 

0.3340(3) 

3.7(3) 

1  N{5) 

0.0394(5) 

0.0082(4) 

0.2877(2) 

3.1(2) 

B  C  (  6  ) 

0.9334(6) 

-.0558(6) 

0 . 3064 (3) 

2.9(3) 

i  N(7) 

0.8429(5) 

0.0291(5) 

0 . 3235 ( 2 ) 

3.2(2) 

E  C  (  8 ) 

0.8466(6) 

0.0605(6) 

0 . 3836(2 ) 

3.1(3) 

1  N(9) 

0.9249(5) 

-.0381(4) 

0.4070(2) 

2.8(2) 

{  N( 10 ) 

0.1143(8) 

-.2782(6) 

0.3888(2) 

3.7(3) 

0(11) 

0.2214(6) 

-  .  2961  ( 5  ) 

0.4007(2) 

5.1(2) 

0(12) 

0.0352(5) 

-.3560(5) 

0.3917(2) 

4.8(2) 

1  N(13) 

0.0815(8) 

-.0246(6) 

0.2344(2) 

4.6(3) 

1  0(14) 

0.1792(6) 

0.0168(6) 

0.2237(2) 

6.9(3) 

1  0(15) 

0.0136(5) 

-  .  0866(5 ) 

0.2017(2) 

5.7(2) 

N  ( 16 ) 

0.7754(5) 

0.0946(5) 

0.2839(2) 

1.0(2)  i 

:  od7) 

0.7046(4) 

0. 1662(4) 

0 . 3025 ( 2 ) 

4.6(2) 

P  0(18) 

0.7886(4) 

0.0740(4) 

0.2332(2) 

4.6(2) 

E  0(19) 

0.9059(4) 

0 . 1752 ( 4 ) 

0.3945(2) 

3.3(2) 

*  C ( 20 ) 

0.8443(10) 

0.2654(6) 

0.4250(3) 

4.5(4) 

t  0(21) 

0.7468(7) 

0.2526(5) 

0.4382(3) 

8.0(3) 

S  C ( 22 ) 

0.9271(7) 

0.3741(6) 

0.4355(3) 

5.4(3) 

H  N(  23 ) 

0.9050(5) 

-.0801(6) 

0.4628(2) 

3.3(2) 

f  0(24) 

0.9513(4) 

-.1804(4) 

0.4755(2) 

4.0(2) 

J  0(25) 

0.8517(4) 

-.0103(4) 

0.4932(2) 

4.2(2) 

{  C(l') 

0.5189(6) 

0.0805(6) 

0.8133(3) 

3.3(3) 

t  N  (  2  '  ) 

0.5001(6) 

-.0387(6) 

0.7857(2) 

5.1(3) 

P  C(3') 

0.4818(9) 

-.1417(6) 

0.8260(4) 

6.2(4) 

C  c  (  4  '  ) 

0.5870(9) 

-. 1650(7) 

0.8641(3) 

7.3(4) 

•  N( 5 ' ) 

0.6435(7) 

-.0493(5) 

0.8800(3) 

5.6(3) 

*:  c  ( e  - ) 

0.5861(7) 

0.0707(6) 

0.8737(3) 

3.7(3) 

/  N(7') 

0.4914(6) 

0.0911(5) 

0.9132(2) 

4.0(2) 

i  C  (  8  1  ) 

0.3784(7) 

0 . 1331  ( 6 ) 

0.8871(2) 

3.5(3) 

N(9') 

0.4071(5) 

0.1359(5) 

0.8272 (2) 

3.4(2) 

<  N( 10 ' ) 

0.5608(6) 

-.0653(9) 

0 . 7362 ( 3 ) 

6.6(3) 

0(11'  ) 

0.5900(5) 

0 .0191 ( 8 ) 

0.7086(2) 

8.1(3) 

0(12') 

0.5746(6) 

-  .  1783 ( 7 ) 

0 . 7259( 2 ) 

8.7(3) 

{  N  (  1 3  '  ) 

0.7592(9) 

- . 0507 ( 7 ) 

0.9014(3) 

6.3(4) 

0(14') 

0.8058(7) 

-. 1527(6) 

0 . 9068 ( 3 ) 

9.7(3) 

\  0(15') 

0.8133(6) 

0.0467(7) 

0.9113(2) 

7.4(3) 

\  N( 16  1  ) 

0.5196(9) 

0. 1292(6) 

0.9700(3) 

5.5(3) 

0(17’) 

0.4399(6) 

0. 1802(5) 

0 . 9947 ( 2 ) 

6.6(3) 

0(18’) 

0.6190(6) 

0. 0990 ( 5) 

0.9899(2) 

6.6(3) 

0(19’) 

0.2908(5) 

0.0417(3) 

0 . 8961 ( 2 ) 

3.3(2) 

C  (  20  1  ) 

0.1854(8) 

0.0755(7) 

0 .9190(3 ) 

4.0(3) 

!  0(21') 

0.1598(5) 

0.1811(5) 

0.9253(2) 

6.9(2) 

1  C  {  2  2  '  ) 

0. 1152(5) 

-.0325(7) 

0 .9329 ( 4 ) 

5.8(3) 

.  N( 23 ' ) 

0.3305(6) 

0. 1834(5) 

0 . 7855 ( 2  ) 

3.7(3) 

1  0(24’) 

0.2358(5) 

0 . 2257(4 ) 

0.8013(2) 

4.9(2) 

.  0(25') 

0.3589(4) 

0. 1795(4) 

0 . 7352 (  2  ) 

4.8(2) 

K  *  Equivalent  isotropic  U  defined  as  one  third 

of  the 

J  trace 

i  ' 

of  the  orthogonal ized 

U .  .  tensor 
iJ 
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Table  2g.  Bond  lengths  (A) 


C ( 1 ) -N ( 2 ) 

1.434(8) 

C ( 1 ) -C ( 6 ) 

1.536(8) 

C( 1 ) -N( 9 ) 

1.459(7) 

N( 2 ) -C ( 3 ) 

1.459(7) 

N(2)-N( 10) 

1.372(7) 

C ( 3 ) -C ( 4 ) 

1.523(9) 

C(4)-H(5) 

1.460(8) 

N(5)-C(6) 

1.462(7) 

N( 5 ) -N{ 13 ) 

1.388(7) 

C ( 6 ) -N ( 7 ) 

1.439(7) 

N( 7 ) -C( 8 ) 

1.423(7) 

N(7)-N(16) 

1.346(7) 

C ( 8 ) -M ( 9 ) 

1.457(7) 

C ( 8 ) -0 ( 19 ) 

1.416(7) 

N(9)-N(23) 

1.393(6) 

N( 10 ) -0 (11) 

1.228(7) 

N( 10 ) -0 ( 12 ) 

1 . 224(7) 

N ( 13)-0( 14) 

1.222(7) 

N( 13 ) -0 ( 15) 

1 . 232(7) 

N(  16) -0( 17) 

1 . 204(6) 

N(  16) -0( 18) 

1.206(6) 

0 ( 19 ) -C ( 20 ) 

1.406(8) 

C( 20) -0(21) 

1 . 160(8) 

C ( 20 ) -C ( 22 ) 

1.503(11) 

N ( 23 ) -0 ( 24 ) 

1.225(6) 

N ( 23 ) -0 ( 25 ) 

1.211(6) 

C(1 ' )-N(2' ) 

1.440(8) 

C  ( 1 ' ) -C ( 6  * ) 

1.543(8) 

C( 1 ' ) — M ( 9  * ) 

1.442(8) 

N  (  2 ' ) -C ( 3 ' ) 

1.468(9) 

S( 2 ' )-N( 10' ) 

1.395(8) 

C ( 3  '  ) -C ( 4 1 ) 

1.445(11) 

C ( 4 ' ) -N ( 5 ' ) 

1.433(9) 

N  (  5 ' ) -C ( 6 1 ) 

1.445(9) 

N(5‘ ) -N( 13 ' ) 

1.357(9) 

C ( 6 ' ) -N ( 7 ' ) 

1.457(8) 

N(  7 ' ) -C ( 8 '  ) 

1.439(8) 

N ( 7 ' ) -N( 16 ' ) 

1.389(8) 

C(  8 1 ) -N( 9 1 ) 

1.437(7) 

C  (  8 ' ) -0 ( 1 9 ' ) 

1.415(7) 

N( 9 1 ) -N ( 23  '  ) 

1.346(7) 

N( 10' )-0( 11  ' 

1 . 168(8) 

N(10')-0(12' 

1.251(8) 

N( 1 3 1 ) -0 ( 14 1 

1.218(8) 

N( 13 ' ) -0(15  ' 

1.225(8) 

N( 1 6 ' ) -0 ( 17 ' 

1 . 220(8) 

N( 16 ' ) -0 ( 18  ' 

1.221(8) 

0(19'  ) -C ( 20 1 

1.372(8) 

C ( 20 '  ) -0 ( 2 1  1 

1  .  184(8) 

C ( 20 ' ) -C ( 22 ' 

1.451(9) 

N(  23 ' ) -0 ( 24  1 

1.231(6) 

N( 23 1 ) -0 ( 25  1 

1 . 221(6) 

Trw  nv  ▼  ■r"r.jrnur^  rpr 


Table  3g.  Bond  angles  (  ) 


C ( 6 ) -C ( 1 ) -N ( 2 ) 
N(9)-C(l)-C(6) 

N { 10 ) -N ( 2 ) -C ( 1 ) 

C ( 4 ) -C { 3 ) -N ( 2 ) 

C( 6 ) -N( 5 ) -C ( 4 ) 

N( 1 3 ) -N{ 5 ) -C ( 6 ) 
N(7)-C(6)-C(l) 

C ( 8 ) -M ( 7 ) -C ( 6 ) 
M(16)-M(7)-C(8) 

0(19) -C ( 8 ) -M( 7 ) 

C ( 8 ) -N ( 9 ) -C ( 1 ) 

N( 23 ) -N ( 9 ) -C ( 8 ) 

0(12) — N ( 10 ) -N ( 2 ) 

0( 14)-N( 13) — N ( 5) 

0( 15)-N( 13 ) -0 ( 14) 

0 ( 18 ) -N( 16 ) -N( 7 ) 

C ( 20 ) -0 ( 19 ) -C ( 8 ) 

C ( 22 ) -C ( 20 ) -0 ( 19) 
0(24) -N ( 23 ) -N ( 9 ) 
0(25) -N { 23 ) -0 ( 24 ) 

N ( 9 ' ) -C ( 1 ' ) -N ( 2 ' ) 

C  (  3  '  ) -N( 2 ' ) -C ( 1  '  ) 

N(  10  '  ) -N( 2 '  ) -C ( 3 1  ) 

N(  5  '  )  -C {  4  1  )  -C (  3  '  ) 

N( 1 3 1 ) -N( 5 ' ) -C ( 4 ' ) 

N  (  5  ' ) -C ( 6 '  ) -C (  1  1  ) 

N(  7 ' ) -C ( 6 ' ) -N ( 5 1 ) 

N( 16' )-N(7' ) — C ( 6 ' ) 
N(9* ) -C ( 8 1 ) -N ( 7 ' ) 
0(19' ) -C ( 8 ' ) -N ( 9 ' ) 

N (  23  ' ) -N ( 9 ' )-C( 1 1 ) 
0(11' ) -N ( 10 ' ) -N( 2 ' ) 
0(12' ) -N ( 10 1 )-0(ll' ) 
0(15' )-N(13’ ) — N { 5 ' ) 
0(17* ) -N ( 16 1 ) -N ( 7 ’ ) 
0(  18 1  )-N( 16 1  )-0( 17 ’  ) 
0(  21  ’  ) -C( 20’  ) -0( 19 1  ) 
C{ 22 '  ) -C{ 20 1 ) -0(21  '  ) 
0(25'  ) -N ( 2  3 1  ) -N ( 9 '  ) 


110.9(5) 

102.3(5) 

119.1(6) 

108.0(5) 

115.9(5) 

118.0(5) 

100.5(5) 

116.2(5) 

121.0(5) 

111.2(5) 

114.0(5) 

116.6(5) 

118.8(7) 

116.5(6) 

126.9(6) 

117.5(6) 

116.7(6) 

107.5(8) 

114.7(5) 

128.6(5) 

111.2(5) 

114.6(5) 

117.2(7) 

109.5(7) 

118.6(7) 

109.8(5) 

114.2(5) 

120.1(7) 

99.3(5) 

110.9(5) 

121.5(5) 

117.0(7) 

127.7(8) 

120.5(7) 

116.4(8) 

128.5(7) 

121.6(7) 

127.0(8) 

118.0(6) 


N{  9 ) -C ( 1 ) -N ( 2 ) 

C ( 3 ) -N ( 2 ) -C ( 1 ) 

N ( 10 ) -N ( 2 ) -C ( 3 ) 

N(5)-C(4)-C{3) 

N ( 13 ) -N ( 5 ) -C ( 4 ) 

N { 5 ) -C ( 6 ) -C ( 1 ) 

N ( 7 ) -C ( 6 ) -N ( 5 ) 

N ( 16 ) -N ( 7 ) -C ( 6 ) 

N( 9 ) -C ( 8 ) -N ( 7 ) 

0( 19)-C(8)-N(9) 

N( 23 ) -N( 9 ) -C ( 1 ) 

0(11) -N ( 10 ) -N ( 2 ) 

0( 12)-N( 10)-0( 11 ) 
0(15) -N (13) -N ( 5 ) 

0( 17)-N( 16 ) -N ( 7 ) 

0( 18) — N ( 16 ) -0 ( 17) 

0 ( 2 1 ) -C ( 20 ) -0 ( 19 ) 

C{ 22 )-C( 20 ) -0 ( 21 ) 
0(25) -N ( 23 ) -N ( 9 ) 

C ( 6 ' ) -C ( 1 ' ) -N ( 2 1 ) 

N ( 9 ' ) — C ( 1 ' ) -C ( 6 ' ) 

N ( 10 '  ) -N( 2 '  ) -C ( 1  1  ) 

C ( 4 1 ) -C ( 3 1 ) -N ( 2 1 ) 

C ( 6 ' ) -N ( 5 ' ) -C ( 4 1 ) 

N ( 1 3 ' )-N ( 5 ' ) -C ( 6 ' ) 

N ( 7 ' ) -C ( 6 ' ) -C ( 1 ' ) 

C ( 8 ' ) -N ( 7 1 ) -C ( 6 1 ) 

N( 16' )-N(7' ) -C ( 8 ' ) 
0(19' ) -C ( 8 1 ) -N ( 7 ' ) 

C ( 8 1 ) -N ( 9 1 ) — C ( 1 ' ) 

N(  23 1  ) -N ( 9 1 ) -C ( 8 1  ) 
0(12' ) -N( 10 ' ) -N ( 2 ' ) 
0(14'  ) -N (13*  ) -N ( 5 ' ) 
0(15' )-N(13' ) -0 ( 14 ' ) 
0(18' )-N(16' ) -N ( 7 ' ) 

C ( 20 ' ) -0 ( 1 9 1 ) -C ( 8  '  ) 
C( 22 ' )-C( 20 ' ) -0( 19 ' ) 
0( 24 ' ) -N( 23 ' ) -N( 9 ' ) 
0( 25 '  ) -N( 23 '  ) -0( 24  '  ) 


112.5(5) 
122.9(5) 
117.7(7) 
111.1(5) 
117.1(6) 
111.8(5) 
112.5(5) 
121.4(5) 
99.5(5) 
107.8(5) 
119.0(5) 
115.6(7) 
125.6(6) 
116.4(7) 
116.6(5) 
125.9(5) 
123.3(7) 
129.2(7) 
116.5(5) 
112.7(5) 
102.0(5) 
118.5(6) 
111.9(7) 
124.3(7) 
117.1(6) 
102.7(5) 
116.3(5) 
116.1(7) 
108.7(5) 
117.1(5) 
121.3(6) 
115.3(8) 
116.2(9) 
123. 2( 10) 
114.9(8) 
119.7(5) 
111.4(6) 
116.9(5) 
125 .2(6) 
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Abstract 


1 ,4,6,9-Tetranitro- 1 ,4,6,9-tetraaza-5 , 1 0-dioxaperhydroanthracenc,  QH ^NgO  iq, 
Mr  =  360.23,  triclinic,P”  a  =  7.154(1),  b  =  10.011(2),  c  =  11.081(2)  A,  a  =  66.43(1) ,  |5 
=  79.06(1),  y=  79.93(1),  V  =  709.8(2)  A3,  Z  =  2,  D*  =  1.779  Mg  nr 3,  X(Cu  Ka)  = 

1.54178  A,p  =  13.92  cnr1,  F(000)  =  392,  T  =  295  K,  Final  R  =  0.033,  wR  =  0.045,  for 
2161  independent  reflections.  There  are  two  molecules  in  the  asymmeteric  unit. 
Experimental 

A  clear  colorless  0.22  x  0.08  x  0. 10  mm  data  crystal  was  provided  by  M. 
Chaykovsky  of  NSWC  White  Oak.  Automated  Nicolet  R3m  diffractometer  with  incident 
beam  monochromator.  25  centered  reflections  within  50  2  2i  ^  70°  used  for  determining 
lattice  parameters.  (sincejAlmax  =  0.59  A*1- range  of  hkl :  -8  £h£  8,-11  £k£  10,-12  < 
0.  Standards  200, 030, 004,  monitored  every  60  reflections  with  random  variation  of 
2.1  %  over  data  collection,  e/2e  mode,  scan  width  (2.0  +  A^^0,  scan  rate  a  function  of 

count  rate  (4  '/min.  minimum,  30  '/min.  maximum),  2491  reflections  measured,  2358 
unique,  R^  =  0.010,  2161  observed  with  Fo>3o(F0).  Data  corrected  for  Lorentz  and 

polarization,  but  not  absorbtion  effects  .  Structure  solved  by  direct  methods.  The  least- 
squares  refinement  used  program  SHELXTL  (  Sheldrick  1980  ).Ew(IF0l-IFcl)2  minimized 
where  w  =  1/[ct2(IF0I)  +  g.fFo)2],  g  =  0.00023.  283  parameters  refined  :  atom  coordinates, 
anisotropic  thermal  parameters  for  all  non-H  atoms,  isotropic  thermal  parameters  for  all 
H  atoms.  (A/a)  max  =  0.18,  R  =  0.033,  wR  =  0.045,  S  =  1.997.  Final  difference  Fourier 
excursions  0.18  and  -0.21  eA'3.  Atomic  scattering  factors  from  International  Tables  for  X- 
ray  Crystallography  (1974).*  Atom  numbering  for  tables  1,  2,  and  3,  atom  coordinates, 
bond  distances  and  angles,  follows  that  shown  in  Fig.(lh). 


TABLE  lh.  Atom  coordinates  (xlO*)  and  temperature  factors  (A2xl03) 


atom 

x/a 

y/b 

z/  c 

Ueq 

C(l) 

8294(2) 

943(2) 

5006(2) 

28(1)* 

C<2) 

9976(2) 

1401(2) 

3903(2) 

27(1)* 

N(3) 

11097(2) 

2304(1 ) 

4178(1) 

30(1)* 

C(4) 

10491(2) 

2694(2) 

5343(2) 

32(1)* 

C(  5  ) 

8372(2) 

3244(2  ) 

5422(2) 

35(1)* 

N(6) 

7341(2) 

2192(2 ) 

5279(2) 

34(1)* 

0(1) 

8918(1) 

-130(1) 

6222(1) 

2  9 (  1  )* 

N(7) 

12226(2) 

3195(1 ) 

3121(1) 

33(1)* 

0  (  7  a ) 

13080(2) 

4036(1  ) 

3310(1) 

46(1  )* 

0  (  7  b  ) 

12344(2) 

3052(1 ) 

2058(  1  ) 

46(1)* 

N(8) 

5395(2) 

2273(1) 

5640(1) 

32(1)* 

0  (8a ) 

4666(2) 

3290(1) 

5983(1) 

43(1)* 

0  ( 8  b) 

4553(2) 

1353(1) 

5578(1) 

44(1)* 

C(l') 

3355(2) 

1005(2) 

9754(2) 

29(1)* 

C  (  2  "  ) 

4501(2) 

823(2) 

10848(2) 

28(1)* 

N(3') 

5836(2) 

1926(1 ) 

10353(1) 

33(1)* 

C(4') 

5708(3) 

3134(2) 

9066(2) 

39(1)* 

C(5') 

3657(3) 

3716(2) 

8858(2) 

42(1)* 

N(6') 

2558(2) 

2496(1) 

9152(1) 

36(1)* 

0(1') 

4565(2) 

625(1) 

8  718(1)' 

30(1)* 

N(7') 

6662(2) 

2111(2) 

11286(2) 

43(1)* 

0(7'a) 

7707(2) 

3091(2) 

10902(2) 

66(1)* 

0(7 'b) 

6349(2) 

1245(2) 

12432(1) 

60(1)* 

N(8') 

1012(2) 

2741(2) 

8495(2) 

44(1  )* 

0  (  8  '  a  ) 

504(2) 

4021(2) 

7833(2) 

63(1)* 

0  (  8  '  b  ) 

239(2) 

1681(2) 

8628(2) 

59(1)* 

*  Equivalent  Isotropic  U  defined  as  one  third  of  the 
trace  of  the  or thogonal Ised  U  tensor 


TABLE  2h. 

Bond 

lengths  ( A ) 

C(l)-C(2) 

1.529(2) 

C(l)-N(6) 

1 . 430(2 ) 

C(l)-0(1) 

1.439(2) 

C(2)-N(3) 

1.456(3) 

C(2)-0(la) 

1.418(2) 

N(3)-C(4) 

1.462(3) 

N(3)-N(7) 

1 . 371(2) 

C(4)-C(5) 

1 . 518(2  ) 

C(5)-R(6) 

1 .459(3) 

N(6)-N(8) 

1.371(2) 

0(1) -C (2a) 

1.418(2) 

N(7)-0(7a) 

1 .222(2) 

N ( 7 ) -0 (7  b) 

1.228(2) 

N(8)-0(8a) 

1.225(2) 

N ( 8 ) -0 (8b) 

1.215(2) 

C(l')-C(2') 

1.525(3) 

C(l' )-N(6' 

) 

1.431(2) 

C(1')-0(1') 

1.438(2) 

C(2' )-N(3' 

) 

1.454(2) 

C(2')-0(l'a) 

1 . 416(2 ) 

N(3'  )-C(4' 

) 

1.461(2) 

N(3')-N(7') 

1 .370(3) 

C  (  4  '  )-C( 5' 

) 

1 . 506(3) 

C(5')-N(6') 

1.461(3) 

N ( 6 ' ) -N ( 8  ' 

) 

1.371(2) 

0(1'  )-C(2'a) 

1.416(2) 

N(7')-0(7' 

a) 

1.226(2) 

N(7')-0(7'b) 

1.222(2) 

N(8')-0(8' 

a) 

1 . 224(2  ) 

N(8')-0(8'b) 

1 • 226(3) 

TABLE  3h.  Bond  angle*  (deg.) 


C(2)-C( 1 )-M(6) 
H(6)-C(l)-0<1) 

C( 1)-C( 2)-0(la) 

C(2)-H(3)-C(4) 

C(4)-N(3)-B(7) 

C(4)-C(5)-S(6) 

C(l)-N(6)-!l(8) 

C(l)-0(1)-C(2a) 

N(3)-N(7)-0(7b) 

N(6)-N(8)-0(8a) 

0(8a)-N(8)-0(8b) 

C(2')-C(l')-0(1') 

C(l')-C(2')-H(3') 

H(3')-C(2")-0(l'a) 

C(2')-H(3')-M(7") 

H(3')-C(4')-C(5') 

C(l')-H(6')-C(5') 

C(5')-M(6')-«(8') 

N(3')-H(7-)-0(7'a) 

0(7'a)-H(7')-0(7'b) 

N(6')-N(8')-0(8'b) 


109.6(1) 

107.5(1) 

109.2(1) 

120.2(1) 

118.5(1) 

108.3(1) 

118.5(1) 

114.6(1) 

116.9(2) 

116.2(2) 

126.1(1) 

110.7(1) 

109.8(1) 

112.6(1) 

116.4(1) 

111.4(1) 

121.4(1) 

118.7(1) 

117.8(1) 

125.3(2) 

118.2(1) 


C(2)-C(l)-0(1> 

C(l)-C(2)-N(3) 

N  ( 3 ) -C( 2 ) -0( la ) 

C(2)-H(3)-H(7) 

N(3)-C(4)-C(5) 

C(i)-N(6)-C(5) 

C(5)-N(6)-N(8) 

N(3)-N(7)-0(7a) 

0(7a)-H(7)-0(7b) 

N(6)-H(8)-0(8b) 

C(2')-C(l')-N(6') 

N(6')-C(l')-0(1') 

C(l')-C(2')-0(l'a) 

C(2')-N(3')-C(4') 

C(4')-N(3')-N(7') 

C(4')-C(5')-N(6') 

C(l')-H(6')-N(8') 

C(l')-0(l')-C(2'a) 

N(3')-N(7')-0(7'b) 

N(6')-N(8')-0(8'a) 

0(8'a)-M(8')-0(8'b) 


111.8(1) 
109.9(1 ) 
112.5(1) 
116.9(1) 
110.0(2) 
122.7(1) 
117.9(1) 
118.1(2) 
125.0(1) 
117.7(1) 
110.9(2) 
107.0(1) 
107.7(1) 
120.3(1) 
118.8(1) 
109.4(1) 
116.9(2) 
114.4(1) 
116.9(2) 
116.4(2) 
125.4(2) 
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Abstract 

2-Oxa-6,9-diaza-6,9-dinitrospiro[3.6]decane,  C7H12N4O5,  Mr  =  232.20,  triclinic, 
PT  a  =  6.028(1),  b  =  6.420(2),  c  =  .3.674(40  A,  a  =  91.04(20,  p  =  100.22(2)  y  = 
108.57(2)°,  V  =  492.0(20  A3,  Z  =  2,  D*  =  1.567  Mg nr3,  A(Cu Ka)  =  1.54178A,p  =  11.08 
cur1,  F(000)  =  244,  T  =  295  K,  Final  R  =  0.075,  wR  =  0.075,  for  877  independent 
reflections. 

Experimental 

A  clear  colorless  0.02  x  0.08  x  0.15  mm  data  crystal  recrystallized  from 
ethylacetate  was  provided  by  C.  Coon  of  Lawrence  Livermore  Laboratory.  Automated 
Nicolet  R3m  diffractometer  with  incident  beam  monochromator.  1864  centered 
reflections  within  32£  2s  £75°  used  for  determining  lattice  parameters.  (sirre)A)max  = 

0.55  A*1-  range  of  hkl:  0  £  h  £  6,  -7  £  k  £  7,  -15  :££  15.  Standards  021,  200,  003, 

monitored  every  60  reflections  with  linear  variation  of  4.8%  over  data  collection, e/2e 
mode,  scan  width  (2.0  +  Aalo2)°,  scan  rate  a  function  of  count  rate  (3.CP/min.  minimum, 

30.0°/min.  maximum,  1864  reflections  measured,  1253  unique,  Rj„t  =  0.045,  877  observed 
with  Fo>3o(F0).  Data  corrected  for  Lorentz  and  polarization,  but  not  absorbtion  effects  . 
Secondary  extinction  parameter  p  =  0.022(5)  in  Fc*  =  1.0  +  0.002(p)Fo2/sin29]°-25. 

Structure  solved  by  direct  methods.  The  least-squares  refinement  used  program 
SHELXTL  (  Sheldrick  1980 ).  Iw(lF0l-IFcl)2  minimized  where  w  =  1/[cj2(1F0I)  +  g.(F0)2],  g 

=  0.0006.  146  parameters  refined  :  atom  coordinates,  anisotropic  thermal  parameters  for 
all  non-H  atoms,  H  atoms  included  using  riding  model ,  C-H  =  0.96  A,  C-C-H  =  109.5 , 
U(H)  =  1.2  Ueq(C).  (A/o)  max  =  0.006,  R  =  0.075,  wR  =  0.075,  S  =  1.644.  Final  difference 
Fourier  excursions  0.28  and  -0.29  eA-3.  Atomic  scattering  factors  from  International 
Tables  for  X-ray  Crystallography  (1974).*  Atom  numbering  for  tables  1,  2,  and  3,  atom 
coordinates,  bond  distances  and  angles,  follows  that  shown  in  Fig.(li). 


TABLE  li.  Atom  coordinates  (xlO4)  and  thermal  parameters  (A2  x  IO3) 


atom 

X 

y 

z 

U 

C(l) 

164(10) 

2834(11) 

851(4) 

60(3)* 

0(2) 

1709(8) 

3174(8) 

142(3) 

77(2)* 

C  ( 3 ) 

3659(11) 

2927(11) 

878(4) 

61  ^  3 )  * 

C  ( 4 ) 

2085(9) 

2447(9) 

1688(4) 

44(2)* 

C(  5) 

1568(9) 

49(9) 

1973(4) 

46(2)* 

N(  6) 

510(7) 

-422(7) 

2862(3) 

45(2)* 

C(  7) 

1964(11) 

-64(9) 

3850(4) 

57(3)* 

C(8) 

2906(11) 

2350(10) 

4210(4) 

58(3)* 

N(9) 

4132(7) 

3663(7) 

3484(3) 

46(2) * 

C(10) 

2788(9) 

4127(8) 

2570(4) 

46(2)* 

N(6a) 

-1878(8) 

-740(7) 

2763(3) 

53(2)* 

0(6a) 

-3023(7) 

-790(7) 

193K3) 

66(2)* 

0(6b) 

-2689(8) 

-1014(7) 

3542(3) 

73(2)* 

N(  9a) 

6474(8) 

3855(7) 

3526(4) 

52(2)* 

0(9a) 

7321(7) 

4492(7) 

2790(3) 

64(2)* 

0(9b) 

7564(8) 

3444(7) 

4303(3) 

74(2)* 

♦Equivalent  isotropic  U  defined  as  one  third  of  the  trace  of  the  orthogonalized 
U,j  tensor 


TABLE  2i.  Bond  lengths  (A) 


C(  1)- 
0(2)- 
C(4)- 
0(5)- 
N(6)- 
C(  8 )  - 
N(  9)- 
N(6a) 
N(9a) 


0(2) 

C(  3) 

C  ( 5 ) 

N(6) 

N(6a) 

N(  9) 

N(9a) 

-0(6b) 

-0(9b) 


1.433(8) 
1.457(8) 
1.542(8) 
1.463(7) 
1.369(7) 
1 . 461 ( 7 ) 
1.367(7) 
1.242(7) 
1.226(7) 


C(l)- 
C(3)- 
C  (  4  )  - 
N(6)- 
C(7)- 
N(  9) - 
N(6a) 
N(9a) 


C  ( 4 ) 

C(  4) 

C(10) 

C(7) 

C  ( 8 ) 

C  ( 10) 
-0( 6a) 
-0(9a) 


1.561(8) 

1.556(8) 

1.509(7) 

1.445(6) 

1.511(8) 

1.454(7) 

1.215(6) 

1.227(7) 


TABLE  3i.  Bond  angles  (deg.) 


Q(  2 ) -C( 1 ) -C( 4 ) 
0(2)-C(3)-C(4) 

C( 1 ) -C ( 4 ) -C ( 5 ) 

C( 1 ) -C ( 4 ) -C ( 10) 

C ( 5 ) — C ( 4 ) — C (10) 

C(5)-N(6)-C(7) 

C(7)-N(6)-N(6a) 

C ( 7 ) -C ( 8 ) -N ( 9 ) 

C(8)-N(9)-N(9a) 

C ( 4 ) -C( 10) -N( 9 ) 
N(6)-N(6a)-o(6b) 
N(9)-N(9a)-0(9a) 
0(9a)-N(9a)-0(9b) 


92.3(5) 

C  ( 1 ) -0( 2 ) -C ( 3 ) 

92.2(4) 

91-6(5) 

C  ( 1 )  — C  (  4 )  — C  (  3 ) 

83.8(4) 

115.2(4) 

C ( 3 ) -C ( 4 ) -C ( 5 ) 

111.1(5) 

112.2(5) 

C ( 3 ) -C ( 4) -C( 10 ) 

117.2(4) 

114.0(4) 

C ( 4 ) -C ( 5 ) -N( 6  ) 

114.7(5) 

121.7(4) 

C(5)-N(6)-N(6a) 

117.8(4) 

119-0(5) 

N( 6 ) -C ( 7 ) -C ( 8 ) 

111-3(5) 

110.6(5) 

C ( 8 ) -N ( 9 ) -C ( 1 0 ) 

120.7(4) 

117.5(5) 

C(10)-N(9)-N(9a) 

118.8(4) 

117.3(5) 

N(6)-H(6a)-0(6a) 

118.1(5) 

116.0(4) 

0( 6a)-N( 6a)-0( 6b) 

125-8(5) 

116.8(5) 

N(9)-N(9a)-0(9b) 

117-5(5) 

125-6(5) 

Abstract 

8,1  l-Dibromo-8,1  l-dinitro-pentacyclotSAO.tfAO^O.O^undecane, 
cllHioN204Br2,  Mr  =  394.03,  monoclinic,  P2t,  a  =  6.788(2),  b  =  13.696(4),  c  =  6.931(2) 
A,  (3  =107. 19(2)°,  V  =  615.5(3)  A3,  Z  =  2,  D*  =  2.126  Mg  nr3,  X(Cu  Ka)  =  1.54178  A,  \i 
=  85.9  crrr1,  F(000)  =  384,  T  =  295  K,  Final  R  =  0.041,  wR  =  0.050,  for  1003  independent 
reflections. 

Experimental 

A  clear  colorless  0. 10  x  0. 12  x  0.25  mm  data  crystal  was  provided  by  W.  W.  Zajac 
of  Villanova  University.  Automated  Nicolet  R3m  diffractometer  with  incident  beam 
monochromator.  25  centered  reflections  within  33£  &  £78°  used  for  determining  lattice 
parameters.  (sin(eVA)max  =  0.58  A'1*  range  of  hkl :  -7  <,  h  £  0, 0  £  k  £  15,  -7  4<>  7. 

Standards  200, 060, 003,  monitored  every  60  reflections  with  random  variation  of  2.2  % 
over  data  collection,  e/2e  mode,  scan  width  [2B(Kai)  - 1.0]  to  [2e(Ka2)  +  1.0  ]°,  scan  rate  a 

function  of  count  rate  (lffVmin.  minimum,  30°/min.  maximum,  1188  reflections 
measured,  1030  unique,  R^  =  0.029, 1003  observed  with  Fo>3a(F0).  Data  corrected  for 
Lorentz  ,  polarization,  and  absorbtion  effects  ,  max  and  min  trans  0.86  and  0.46.  Structure 
solved  by  direct  methods.  The  least-squares  refinement  used  program  SHELXTL 
(Sheldrick  1980 ).  Zw(IF0l-IFcl)2  minimized  where  w  =  l/[c2(IF0l)  +  g.(F0)2],  g  =  0.00023. 

171  parameters  refined  :  atom  coordinates,  anisotropic  thermal  parameters  for  all  non-H 
atoms,  H  atoms  included  using  riding  model ,  C-H  =  0.96  A,  C-C-H  =  109.5s ,  U(H)  =1.1- 
Ugq(C) .  (A/a)  max  =  0.005,  R  =  0.041,  wR  =  0.050,  S  =  2. 133.  Final  difference  Fourier 

excursions  0.84  and  -0.44  eA'3.  Atomic  scattering  factors  from  International  Tables  for  X- 
ray  Crystallography  (1974).*  Atom  numbering  for  tables  1,  2,  and  3,  atom  coordinates, 
bond  distances  and  angles,  follows  that  shown  in  Fig.(lj). 


TABLE,  lj.  Atom  coordinates  (xlO4)  and  thermal  parameters  (A2  x  103) 


atom 

X 

y 

z 

u 

0(1) 

2097(12) 

10626(6) 

-959(12) 

41(3)* 

0(2) 

6B3( 12) 

10366(6) 

335(13) 

43(3)* 

C(3) 

1593(12) 

9667(6) 

2100(13) 

44(3)* 

0(4) 

3756(12) 

9306(6) 

2310(12) 

41(3)* 

0(5) 

3527(12) 

6662(6) 

223(12) 

41(3)* 

0(6) 

2615( 12) 

9615(6) 

-1590(12) 

39(3)* 

0(7) 

387(13) 

9212(6) 

-2528(13) 

45(3)* 

0(B) 

-643(12) 

9541(7) 

-930(13) 

45(3)* 

0(9) 

241(12) 

8627(7) 

807(12) 

43(3)* 

0(10) 

1691(12) 

8174(7) 

31(13) 

46(3)* 

0(11) 

614( IP) 

8106(7) 

-2189  14 ) 

54(3)* 

bpU) 

555(2) 

11370 

-333K2) 

66(1)* 

Ml) 

3BB0( 12) 

11307(7) 

-90(12) 

51(3)* 

u(  la) 

3647(12) 

11934(6) 

1047(15) 

83(4)* 

O(lD) 

5415( 12) 

11187(6) 

-569(13) 

71(3)* 

bp(  2) 

4534(2) 

8246(1) 

4374(2) 

67(1)* 

*i(2) 

5466(11) 

10026(7) 

3150(10) 

52(3)* 

o»(2a) 

5242(13) 

10621(7) 

4327(14) 

88(4)* 

0(20) 

7032(10) 

9944(7) 

2617(11)  ' 

75(3)* 

♦Equivalent  isotropic  U  defined  as  one  third  of  the  trace  of  the  orthogonalized 
Uy  tensor 


TABLE  2j.  Bond  lengtns  (A) 


C( 1)-C( 2) 

1.53K14) 

0(1) — C ( 6 ) 

1.527(12) 

0(l)-Br(l) 

1.953(8) 

C  ( 1 )  — N  ( 1 ) 

1.503(H) 

0( 2)-0( 3) 

1.551(12) 

C  (  2 )  — C  (  8 ) 

1.568(12) 

0( 3)-0( 4) 

1.516(12) 

C  (  3 )  — C  ( 9  ) 

1.576(11) 

0( 4 )-C( 5 ) 

1.524(12) 

C(4)-Br( 2) 

1-998(8) 

0  (  4 )  -  N  (  2 ) 

1.510(11) 

C(5)-C(6) 

1.584(11) 

O(p)-CUO) 

1*553(12) 

C(6)-C( 7) 

1.560(11) 

C( 7 )-C ( 8 ) 

1.542(14) 

C(7)-C( 11) 

1.53K12) 

C(6)-C( 9) 

1.529(12) 

C(9)-0(10) 

1.539(13) 

C(10)-C( 11) 

1.498(12) 

N ( 1 ) -0 ( la) 

1.207(13) 

N ( 1 ) — 0 ( ID) 

1.195(13) 

N  (  2 ) -0 ( 2a ) 

1.200(13) 

M2)-Q(  2d) 

1.215(11) 

TAtJLt  3j.  Bond  angles  (deg.) 


C(2)-C(i)-' 
C(6)-C(l)-i 
C(b)-C(l)- 
C(l)-C(2)- 
C( 3 )-C( 2 )- 
C(2)-C(3)- 

C(3)-C(4)- 

C(5)-C(4)-. 

C(5)-C(4)- 

C( 1 ) — C ( 6)- 

mmi-. 

C(2)-C(8)- 
C  ( 3 )  — C  ( 9 )  — 
C(»)-C(9)- 
C(b)-C(10) 
C(7)-C( 11) 
d( l)-N(l)- 
C(4)-N(2)- 
0(2a)-N(2) 


C(6) 

3rd) 

N(l) 

C(3) 

C(  8) 
0(9) 
0(5) 
Br(  2) 

N(2) 

0(6) 

0(10) 

C  ( 7 ) 
0(6)  x 
CC11) 

C(  9) 
c(  a ) 

C(  10) 
-C(ll) 
-C( 10) 
■0(  lb ) 
■0(2a) 
-0(2b) 


102.2(7) 
110.1(5) 
116.8(7) 
115-2(7) 
89-9(6) 
89-3(6) 
102.0(6) 
109-4(6) 
117.7(8) 
H4.6  7) 
102.2(6) 
99.4(b) 
100.8(6) 
103.0(8) 

90.4(6) 

90.4(o) 

103.8(7) 

105-1(8) 

95.4(7) 

118.0(8) 

117.1(8) 

125-1(9) 


C (  2 )-C  ( 1  )-i 
C  (  2 )  -C  ( 1 )  -1 
Br(  1)-C(  1)' 
C(l)-C(2)-< 
C(  2)-C(  3 )-' 
C(4)-C(3)-< 
C(3)-C(4)-i 
C (  3 )~C (  4  )-l 
Br ( 2 ) -C ( 4 )  ■ 

mat 

C(  5)-C(  6)-1 

tmm 

C  ( 7 )  — C  (  8 )  — 1 
C(  3)-C(  9)-1 
C(5)-C(10) 

C(9)-C(10) 
C(  l)-N(l)- 
0(la)-N(l) 
C ( 4 )-N( 2 ) - 


3r(l) 

N(l) 

-N  ( 1 ) 
C(  8 ) 
0(4) 

0(9) 

3r(2) 

N(2) 

-N  ( 2 ) 

0(10) 

0(5) 

0(7) 

0(11) 

0(7) 

0(9) 

0(10) 

-0(9) 

-C(ll) 

0(la) 

-0( lb) 

■0(20) 


109.4(5) 

117.9(7) 

100.6(5) 

100.8(7) 

115.5(8) 

101.7(7) 

110.4(6) 

116.5(7) 

100.8(5) 

100.1(7) 

114.7(7) 

102.1(7) 

104.1(6) 

108.1(7) 

102.9(7) 

107-3(7) 

100.8(7) 

103-1(7) 

117-2(8) 

124.9(9) 

117-7(8) 


Abstract 


8-Bromo-8-nitro-pcntacyclo[5.4.0.(^*6.03>I0.05'9]undecane-ll-onc, 
CnHioNiOjBr,  Mr  =  284.11,  monoclinic,  P2j/n,  a  =  11.155(3),  b  =  8.180(2),  c  =  12.387 
A,  p=  1 13.55(2)°,  V  =1036. 1(9)  A3,  Z  =  4,D*  =1.821  Mg  nr3,  X(Cu  Ka)  =  1.54178  A, 

\i  =  53.9  cnr1,  F(000)  =  568,  T  =  295  K,  Final  R  =  0.038,  wR  =  0.050  for  1384 
independent  reflections. 

Experimental 

A  clear  colorless  0.07  x  0.30  x  0.35  mm  data  crystal  was  provided  by  W.  W.  Zajac 
of  Villanova  University.  Automated  Nicolet  R3m  diffractometer  with  incident  beam 
monochromator.  25  centered  reflections  within  34£  &  £60°  used  for  determining  lattice 
parameters.  (sintajAlma*  =  0.58  A*1-  range  of  hid  :  0  £  h  £  12, 0  £  k  £  8,  -12  12. 

Standards  400, 040, 006,  monitored  every  60  reflections  with  linear  variation  of  2.7  % 
over  data  collection,  e/2e  mode,  scan  width  [2b(K<Xi)  - 1.0]  to  [2e(Ka2)  +  1.0  f,  scan  rate  a 

function  of  count  rate  (5.0°/min.  minimum,  307min.  maximum,  1759  reflections 
measured,  1461  unique,  Rim  =  0.01, 1384  observed  with  Fo>3o(F0).  Data  corrected  for 
Lorentz  ,  polarization,  and  absorbtion  effects  ,  max  and  min  trans  0.81  and  0.46.  Structure 
solved  by  direct  methods.  The  least-squares  refinement  used  program  SHELXTL  ( 

Sheldrick  1980 ).  Iw(IF0l-IFcl)2  minimized  where  w  =  l/[c2(IF0l)  +  g. (Fq)2],  g  =  0.00023. 

145  parameters  refined  :  atom  coordinates,  anisotropic  thermal  parameters  for  all  non-H 
atoms,  H  atoms  included  using  riding  model ,  C-H  =  0.96  A,  C-C-H  =  109.5\  U(H)  = 
l.l-UcqfQ  .  (A/a)  max  =  0.003,  R  =  0.038,  wR  =  0.050,  S  =  2.291.  Final  difference 
Fourier  excursions  0.33  and  -0.38  eA*3.  Atomic  scattering  factors  from  International 
Tables  for  X-ray  Crystallography  (1974).*  Atom  numbering  for  tables  1,  2,  and  3,  atom 
coordinates,  bond  distances  and  angles,  follows  that  shown  in  Fig.(lk). 


Table  lk.  Atom  coordinates  (xlO4)  and  thermal  parameters  (A2  x  103) 


atom 

X 

y 

z 

U 

C(l) 

666(3) 

5373(4) 

3015(3) 

37(1)* 

0(2) 

1194(3) 

417K4) 

2384(3) 

37(1)* 

C(  3 ) 

88(4) 

3448(4) 

1259(3) 

42(1)* 

0(4) 

-1216(3) 

4130(4) 

1107(3) 

41(1)* 

0(5) 

-1388(3) 

3610(4) 

2210(3) 

40(1)* 

0(6) 

-266(3) 

4327(4) 

3346(3) 

37(1)* 

0(7) 

568(3) 

2803(4) 

3896(3) 

43(1)* 

0(8) 

1268(3) 

255K4) 

3057(3) 

43(1)* 

0(9) 

165(4) 

1823(4) 

1937(3) 

45(1)* 

0(10) 

-1019(4) 

1772(4) 

2284(3) 

46(1)* 

0(11) 

-413(4) 

1405(4) 

3592(4) 

54(2)* 

br(l) 

2072(1) 

6269(1) 

440K1) 

66(1)* 

Nd) 

34(3) 

6885(3) 

2297(3) 

45d)» 

0(la) 

501(3) 

743K3) 

1641(3) 

63(1)* 

o(  lb) 

-902(3) 

7  4  p  7 ( 3) 

2432(3) 

73(D* 

0(2) 

-1983(3) 

4858(3) 

274(2) 

59d)» 

♦Equivalent  isotropic  U  defined  as  one  third  of  the  trace  of  the  orthogonalized 
Ujj  tensor 


TABLE  2k.  Bond  lengtns  (A) 

C(l)-C(2)  1.514(5) 

C(l)-Br(l)  1.948(3) 

C( 2)-C( 3)  1.562(4) 

C(3)-C(4)  1.498(5) 

C( 4 )-C( 5 )  1.515(6) 

C(5)-C(6)  1.576(4) 

C(6)-C(7)  1.543(4) 

C(7)-C( 11)  1.522(5) 

C(9)-C(10)  1.543(6) 

tt(l)-0(la)  1,212(5) 


C ( 1 ) — C ( 6 )  1.523(5) 
C ( 1 ) -N ( 1 )  1.523(4) 
C(2)-C(8)  1.550(5) 
C(3)-C(9)  1.558(5) 
C ( 4 ) -Q( 2)  1.203(4) 
C(5)-C(10)  1.55K4) 
C(7)-C(8)  1.543(6) 
C(8)-C( 9)  1.559(4) 
C(10)-C(ll)  1.516(5) 
N(l)-Odb)  1.215(5) 


TABLE  3k.  Bona  angles  (deg.) 


C( 2 )-C( 1 )-C ( 6 ) 
C(6)-C(l)-3r(l) 
C( 6 )-C ( 1 )-N( 1 ) 

C( 1)-C( 2)-C( 3) 
C(3)-C(2)-C(8) 
C(2)-C(3)-C(9) 
C(3)-C(4)-C(5) 

C ( 5 ) — C ( 4 ) —0 ( 2) 
C(4)-C(5)-C(10) 
C( 1)-C(6)-C( 5) 

C( 5 )-C( 6)-C( 7) 

C( 6 ) -C ( 7 ) -C (1 1 ) 
C( 2 )-C( 8 ) -C( 7 ) 
0(7 )-C( 8 )-C( 9 ) 
C(3)-C(9)-C(10) 
C(5)-C(  10)-C(9) 
0(9)-C( 10)-C( 11) 
C(l)-N(l)-0( la) 
G(la)-N(  1 ) -0 ( lb) 


102.9(3) 

C ( 2 ) -C ( 1 ) -Br ( 1 ) 

110.9(2) 

111.7(2) 

C( 2 )-C (1 )-N( 1 ) 

114.3(3) 

114.0(3) 

ar(l)-C(l)-N(l) 

1 0  3  -  4  r  2 ) 

112.0(3) 

C(l)-C(2)-C(8) 

103.1(3) 

90.  2) 

C(2)-C(3)-C(4) 

llu. 6(3) 

89.  bd) 

C(4)-C(3)-C(9) 

103- 1(3) 

104.4(3) 

C ( 3 ) -C ( 4 ) -0 ( 2 ) 

127.9(4) 

127.5(4) 

C ( 4 )-C ( 5 )-C ( 6 ) 

111.0(3) 

101.5(3) 

C(6)-C(5)-C(10) 

102.2(2) 

110.7(3) 

C  ( 1 )  — C  ( 6 )  — C  ( 7 ) 

102.5(3) 

102.5(2) 

C  (  6 )  — C  (  7 )  — C  ( 8 ) 

100.9(3) 

104.5(3) 

C ( 8 ) -C( 7 ) -C ( 1 1 ) 

103-9(3) 

108.4(3) 

C (  2 ) -C ( 8 )-C ( 9 ) 

89.7(2) 

102.6(3) 

C(3)-C(9)-C(8) 

90.4(2) 

107.7(3) 

C(8)-C'9)-C(10) 

102.8(3) 

101.2(3) 

C(5)-C( 10)-C(11) 

104.4(3) 

103-7(3) 

C ( 7 ) -C ( 11)-C(10) 

94.9(3) 

117.9(3) 

cd)-N(i)-odo) 

117.1(3) 

125-0(3) 

50 


Abstract 

3,6-Dihydroxy-2,7-diethoxycarbonyl  pentacyclo[6.5.0.0l-8.04>5.09’13]trideca-2,6- 
diene,  C19H22O6,  Mr  =  346.38,  mor.oclinic,  P2t/c,  a  =  1 1.028(4),  b  =  20.429(6),  c  = 
16.015(3)  A,  (3  =  105.28(3)°,  V  =  3480.5(2)  A3,  Z  =  8  (two  molecules  per  asymmetric 
unit),  Dx  =  1.32  Mg  nr3,  X(Mo  Ka)  =  0.71069  A,p  =  5.91  crirl,  F(000)  =  1472,  T  =  295 
K,  Final  R  =  0.065,  wR  =  0.056  for  3172  independent  reflections.  Each  of  the  two 
molecules  in  the  asymmetric  unit  is  similarly  configured.  Bond  lengths  C(l)-C(8), 

1.575(5)  andl. 572(5),  and  C(4)-C(5),  1.582(5)  and  1.586(5)  A  are  longer  than  normal  and 
the  C(10)-C(l  1)-C(12)  angle  is  94.7(3)  and  94.8(3f ,  which  is  much  less  than  the  normal 
tetrahedral  angle.  These  deviations  are  due  to  internal  cage  strains  and  repulsive  forces 
between  ethoxycarbonyl  and  hydroxyl  groups.  There  are  two  intramolecular  hydrogen 
bonds  per  molecule. 

Experimental 

A  cle?r  colorless  data  crystal  was  provided  by  A.  Marchand  of  North  Texas  State 
University.  Automated  Nicolet  R3m  diffractometer  with  incident  beam  monochromator. 
25  centered  reflections  within  18  <  29  ^  31°  used  for  determining  lattice  parameters. 
(sin(0)A)max  =  0.65  A*1,  range  ofhkl:  0<h<ll,0Sk<26,  -20  4<  20.  Standards  400, 

080,  004,  monitored  every  60  reflections  with  random  variation  of  1.9  %  over  data 
collection,  e/2e  mode,  scan  width  [^(Kaj)  -  0.7]  to  [2e(Kot2)  +  0.7  ]°,  scan  rate  a  function 

of  count  rate  (8.0°/min.  minimum,  SO.OP/min.  maximum,  5668  reflections  measured, 

4796  unique,  R^  =  0.008,  3172  observed  with  Fo>3c(F0).  Data  corrected  for  Lorentz  and 

polarization,  but  not  absorbtion  effects .  Structure  solved  by  direct  methods.  The  least- 
squares  refinement  used  program  SHELXTL  (  Sheldrick  1980  ).  Zw(IF0l-IFcl)2  minimized 
where  w  =  l/[o2(IF0!)  +  g.(F0)2],  g  =  0.00023.  476  parameters  refined  :  atom  coordinates, 

anisotropic  thermal  parameters  for  all  non-H  atoms,  H  atoms  included  using  riding  model 
(coordinate  shifts  of  C  applied  to  attached  H  atoms),  C-H  =  0.96  A,  U(H)  =  1.2  L4q(C) . 


(A/a)  max  =  0.31,  R  =  0.065,  wR  =  0.056.  Final  difference  Fourier  excursions  0.26  and  - 


angles,  follows  that  shown  in  Fig.(ll ). 


* 

t 


I 

I 


Table  11.  Atonic  coordinates  and  equivalent  isotropic 

2  3 

displacement  parameters  (A  xlO  ) 


X 

y 

z 

U(eq) 

0(1) 

-.5040(3) 

0.4047(2) 

0.0711(2) 

75(2) 

0(2) 

-.6552(3) 

0.4077(2) 

-.1819(2) 

80(2) 

0(3) 

-.4191(3) 

0.2083(2) 

0.0594(2) 

62(1) 

0(4) 

-.5161(3) 

0.2851(2) 

0.1189(2) 

75(1) 

0(5) 

-.5786(3) 

0.2108(2) 

-.1944(2) 

58(1) 

0(6) 

-.7225(3) 

0.2902(2) 

-.2256(2) 

82(2) 

C(l) 

-.3124(3) 

0.2984(2) 

-.0340(2) 

44(2) 

0(2) 

-.3948(4) 

0.3177(2) 

0.0233(2) 

46(2) 

0(3) 

-.4265(4) 

0.3810(2) 

0.0251(3) 

55(2) 

C  ( 4 ) 

-.3764(4) 

0.4316(2) 

-.0239(3) 

58(2) 

C  ( 5 ) 

-.4382(4) 

0.4323(2) 

-.1250(3) 

57(2) 

C  ( 6 ) 

-.5388(4) 

0.3830(2} 

-.1584(3) 

54(2) 

C(  7 ) 

-.5100(4) 

0.3192(2) 

-.1650(2) 

46(2) 

0(8) 

-.3747(4) 

0.2991(2) 

-.1345(2) 

44(2) 

0(9) 

-.2781(4) 

0.3516(2) 

-.1444(2) 

49(2) 

C(10) 

-.3244(4) 

0.4224(2) 

-.1616(3) 

59(2) 

C(ll) 

-.2218(4) 

0.4599(2) 

-.0969(3) 

69(2) 

C(  12) 

-.2362(4) 

0.4215(2) 

-.0182(3) 

58(2) 

C  ( 13 ) 

-.2176(4) 

0.3507(2} 

-.0463(2) 

50(2) 

C  ( 14 ) 

-.4486(4) 

0.2703(2) 

0.0715(3) 

53(2) 

C  ( 15 ) 

-.4739(5) 

0.1584(2) 

0.1031(3) 

84(2) 

C(  16 ) 

-.4463(7) 

0.0945(3) 

0.0703(4) 

126(4) 

C(  17) 

-.6124(5) 

0.2732(2) 

-.1976(3) 

55(2) 

0(18) 

-.6804(5) 

0.1652(3) 

-.2299(3) 

84(2) 

0(19) 

-.6340(5) 

0.0987(2) 

-.2163(4) 

109(3) 

0(21) 

0.0104(3) 

0.4510(2) 

0.1901(2) 

82(2) 

0(22) 

0.1507(3) 

0.4353(2) 

0.4397(2) 

85(2) 

0(23) 

-.0587(3) 

0.2520(2) 

0.1729(2) 

69(1) 

0(24) 

0.0403(3) 

0.3364(2) 

0.1301(2) 

77(2) 

0(25) 

0.0881(3) 

0.2353(2) 

0.4329(2) 

63(1) 

0(26) 

0.2283(3) 

0.3167(2) 

0.4682(2) 

86(2) 

0(21) 

-.1760(3) 

0.3269(2) 

0.2727(2) 

41(2) 

0(22) 

-.0923(4) 

0.3554(2) 

0.2219(2) 

47(2) 

0(23) 

-.0668(4) 

0.4193(2) 

0.2294(3) 

56(2) 

0(24) 

-.1268(4) 

0.4629(2) 

0.2822(3) 

60(2) 

0(25) 

-.0696(5) 

0.4566(2) 

0.3837(3) 

64(2) 

0(26) 

0.0356(4) 

0.4081(2) 

0.4112(3) 

58(2) 

0(27) 

0.0137(4) 

0.3431(2) 

0.4094(2) 

50(2) 

0(28) 

-.1198(4) 

0.3209(2) 

0.3734(2) 

45(2) 

0(29) 

-.2221(4) 

0.3679(2) 

0.3868(3) 

52(2) 

C  ( 30 ) 

-.1838(5) 

0.4382(2) 

0.4151(3) 

63(2) 

0(31) 

-.2880(5) 

0.4771(2) 

0.3532(3) 

79(2) 

0(32) 

-.2652(4) 

0.4472(2) 

0.2711(3) 

57(2) 

0(33) 

-.2775(4) 

0.3737(2) 

0.2889(2) 

49(2) 

0(34) 

-.0318(4) 

0.3152(3) 

0.1711(3) 

59(2) 

0(35) 

0.0000(5) 

0.2080(3) 

0.1243(3) 

96(3) 

0(36) 

-.0250(8) 

0.1418(3) 

0.1471(4) 

145(4) 

0(37) 

0.1192(5) 

0.2988(3} 

0.4391(3) 

57(2) 

0(38) 

0.1904(4) 

0.1892(3) 

0.4658(3) 

83(2) 

0(39) 

0.1385(5) 

0.1221(3) 

0.4448(4) 

103(3) 

*  Equivalent  isotropic  U  defined  as  one  third  of  the 
trace  of  the  orthogonal ized  tensor 


Table  21.  Bond  lengths  (A) 


0(1) — C ( 3 ) 
0(3) -C (14) 
0( 4 ) -C( 14 ) 
0(5)-C( 18) 

C ( 1 ) -C ( 2 ) 

C(l)-C(13) 

C ( 2 ) -C ( 14 ) 
C( 4 ) -C( 5 ) 
C(5)-C(6) 

C  (  6 ) -C ( 7 ) 

C  ( 7 ) -C ( 17) 
C(9)-C<10) 
C(10)-C(ll) 
C ( 12 ) -C ( 13 ) 
C( 18)-C( 19) 
0( 22 ) -C( 26 ) 
0(23) -C( 35 ) 
0( 26) -C ( 37 ) 
0( 26 ) -C ( 37 ) 
C( 21 ) -C( 28 ) 
C( 22 ) -C ( 23 ) 
C ( 23 ) -C ( 24 ) 
C ( 24) -C ( 32 ) 
C ( 25 ) -C ( 30 ) 
C  (  27 ) -C ( 28 ) 
C{ 28 ) -C ( 29 ) 
C ( 29 ) -C ( 33 ) 
C(31)-C(32) 
C ( 35 ) -C ( 36 ) 


1.355(4) 

0(2) -C ( 6 ) 

1.339(4) 

1.336(4) 

0( 3 ) -C ( 15 ) 

1.455(4) 

1.232(4) 

0(5) -C ( 17 ) 

1.327(4) 

1.454(4) 

0( 6 ) -C ( 17 ) 

1.229(4) 

1.504(5) 

C(l)-C(8) 

1.575(5) 

1.544(5) 

C( 2 ) -C{ 3 ) 

1.343(5) 

1.458(5) 

C ( 3 ) -C ( 4 ) 

1.489(5) 

1.582(5) 

C ( 4 ) -C ( 12 ) 

1.538(5) 

1.490(5) 

C ( 5 ) -C ( 10 ) 

1.533(5) 

1.352(5) 

C(7)-C(8) 

1.500(5) 

1.455(5) 

C ( 8 ) -C ( 9 ) 

1.547(5) 

1.535(5) 

C(9)-C( 13) 

1.536(5) 

1.525(5) 

C( 11)-C( 12) 

1.529(5) 

1.544(5) 

C ( 15 ) -C ( 16 ) 

1.470(6) 

1.448(6) 

0 { 21 ) -C( 23 ) 

1.350(4) 

1.350(5) 

0 ( 23 ) -C ( 34 ) 

1.328(5) 

1.448(5) 

0(24) -C ( 34 ) 

1.235(5) 

1.339(5) 

0(  25 ) -C ( 38 ) 

1.456(4) 

1.226(4) 

C ( 21 ) -C ( 22 ) 

1.500(5) 

1.572(5) 

C ( 21 ) -C ( 33 ) 

1.544(5) 

1.336(5) 

C ( 22 ) -C ( 34 ) 

1.438(5) 

1.496(5) 

C ( 24 ) -C ( 25 ) 

1.586(5) 

1.524(5) 

C ( 25 ) -C ( 26 ) 

1.500(6) 

1.521(5) 

C  (  26 ) -C ( 27 ) 

1.349(5) 

1.503(5) 

C(  27 ) -C( 37 ) 

1.452(5) 

1.539(5) 

C  (  29 ) -C ( 30) 

1.532(5) 

1.531(5) 

C ( 30 ) -C ( 31 ) 

1.527(5) 

1.529(5) 

C( 32 ) -C ( 33 ) 

1.540(5) 

1.447(6) 

C  (  38 ) -C ( 39 ) 

1.489(6) 

Table  31.  Bond  angles  (°) 


C ( 15) -0( 3 ) -C( 14 ) 
C(8)-C(l)-C(2) 
C(13)-C(l)-C(8) 
C(14)-C(2)-C(l) 

C ( 2 ) -C ( 3 ) -0( 1 ) 
C(4)-C(3)-C(2) 

C( 12)-C(4)-C(3) 
C(6)-C(5)-C(4) 

C{  10 )  -C  (  5 )  -C  (  6 ) 

C(7)-C(6)-0(2) 

C(8)-C(7)-C{6) 

C(17)-C{7)-C(8) 

C(9)-C(8)-C(l) 

C(10)-C(9)-C(8) 

C(13)-C(9)-C(10) 

C  ( 1 1 )  -C  ( 10 )  -C  (  5 ) 
C(12)-C(ll)-C(10) 
C(  13 )  -C  ( 12 )  -C  (  4 ) 
C(9)-C(13)-C(l) 

C( 12)-C( 13 ) -C ( 9 ) 
C(2)-C(14)-0(3) 

C ( 1 6 ) -C ( 1 5 ) -0 ( 3 ) 

C (  7 ) -C ( 17 ) -0( 5 ) 

C  (  19  ) -C ( 18 ) -0( 5 ) 

C  (  38 ) -0( 25 ) -C ( 37  ) 
C(33)-C(21)-C(22) 
C ( 23 ) -C ( 22 ) -C ( 2 1 ) 
C(34)-C(22)-C(23) 
C(24)-C(23)-0(21) 
C(25)-C(24)-C(23) 
C(32)-C(24)-C(25) 
C ( 30 ) -C( 25 ) -C( 24 ) 
C(25)-C(26)-0(22) 
C(27)-C(26)-C{25) 
C(37)-C(27)-C(26) 
C(2?)-C(28)-C(21) 
C  (  29 ) -C ( 28 ) -C ( 27  ) 
C(33)-C(29)-C(28) 
C( 29 ) -C( 30 ) -C( 25 ) 
C ( 31 ) -C ( 30 ) -C ( 29 ) 
C(31)-C(32)-C(24) 
C  (  33 )  -C  (  32  )  -C  (  31 ) 
C(32)-C(33)-C(21) 
0(24) -C (34) -0(23) 
C  (  22  )  -C  (  34 )  -0  (  24 ) 
0(26) -C( 37) -0(25) 
C(27)-C(37)-0(26) 


116.5(3) 

116.8(3) 

89.4(3) 

123.0(4) 

124.1(4) 

121.4(4) 

112.5(3) 

116.1(3) 

112.4(3) 

124.7(4) 

118.1(4) 

123.5(4) 

89.1(3) 

117.8(3) 

103.3(3) 

102.1(3) 

94.7(3) 

108.4(3) 

90.7(3) 

103.4(3) 

113.8(4) 

107.4(4) 

115.1(4) 

109.6(4) 

116.1(3) 

115.3(3) 

118.4(4) 

119.4(4) 

113.9(4) 

114.5(3) 

102.6(3) 

102.6(4) 

114.3(4) 

121.6(4) 

118.9(4) 

116.8(3) 

116.0(3) 

90.8(3) 

108.8(3) 

101.3(3) 

101.7(3) 

100.9(3) 

118.0(3) 

122.2(4) 

124.1(4) 

121.6(4) 

124.1(5) 


C ( 1 8 ) -0 ( 5 ) -C (17) 
C( 13)-C( 1)-C(2) 
C(3)-C(2)-C(l) 

C ( 14 ) -C ( 2 ) -C ( 3 ) 

C(4)-C(3)-0(l) 

C(5)-C(4)-C(3) 

C ( 12 ) -C ( 4 ) -C ( 5 ) 

C { 10 ) -C ( 5 ) -C ( 4 ) 

C( 5 ) -C ( 6 ) -0( 2 ) 
C(7)-C(6)-C(5) 

C ( 1 7 ) -C ( 7 ) -C ( 6 ) 

C ( 7 ) -C ( 8 ) -C ( 1 ) 

C ( 9 ) -C ( 8 ) -C ( 7 ) 

C(13)-C(9) -C ( 8 ) 

C ( 9 ) -C ( 10) -C ( 5 ) 

C ( 1 1 ) -C (10) -C ( 9 ) 

C ( 1 1 ) -C ( 1 2 ) -C ( 4 ) 

C ( 1 3 ) -C (12) -C (11) 
C ( 1 2 ) -C (13) -C ( 1 ) 

0  (  4 ) -C ( 14 ) -0( 3 ) 

C ( 2 ) -C ( 14 ) -0(4 ) 
0(6 ) -C( 17) -0( 5 ) 

C ( 7 ) -C ( 17 ) -0( 6 ) 

C ( 35 ) -0 ( 23 ) -C ( 34 ) 
C ( 28 ) -0( 21 ) -C ( 22 ) 
C ( 33 ) -C ( 21 ) ~C ( 28 ) 
C ( 34 ) -C ( 22 ) -C ( 21 ) 
C ( 22 ) -C ( 23 ) -0( 21 ) 
C ( 2  4 ) — C (23) — C (22) 
C ( 32 ) -C ( 24 ) -C ( 23 ) 
C(26)-C(25) -C ( 24 ) 
C ( 30 ) -C ( 25 ) -C ( 26 ) 
C( 27 ) -C ( 26 ) -0 ( 22 ) 
C(28)-C(27) -C (26) 
C(37)-C(27)-C(28) 
C  (  29 ) -C ( 28 ) -C ( 21 ) 
C ( 30 ) -C ( 29 ) -C ( 28 ) 
C ( 33 ) -C ( 29 ) -C ( 30 ) 
C ( 3 1 ) -C ( 30 ) -C ( 25 ) 
C( 32 ) -C( 31 ) -C ( 30 ) 
C(33)-C(32)-C(24) 
C ( 29 ) -C ( 33 ) -C ( 21 ) 
C  (  32 ) -C ( 33 ) -C ( 29  ) 
C ( 22 ) -C ( 34 ) -0 ( 23 ) 
C ( 36 ) -C ( 35 ) -0( 23 ) 
C(27)-C(37) -0 ( 25 ) 
C ( 39 ) -C ( 38 ) -0( 25 ) 


114.9(3) 

115.7(3) 

118.0(4) 

118.9(4) 

114.4(4) 

115.3(3) 

102.6(3) 

102.4(3) 

114.5(4) 

120.8(4) 

118.3(4) 

117.6(3) 

115.5(3) 

90.7(3) 

108.8(3) 

101.5(3) 

101.8(3) 

100.9(3) 

117.7(3) 

122.1(4) 

124.1(4) 

121.7(4) 

123.2(4) 

117.2(4) 

117.0(3) 

89.1(3) 

122.1(4) 

124.8(4) 

121.3(4) 

112.8(3) 

115.0(3) 

112.5(3) 

124.0(4) 

117.2(4) 

123.9(4) 

89.4(3) 

118.1(3) 

103.5(3) 

101.8(3) 

94.8(3) 

108.5(3) 

90.7(3) 

103.6(3) 

113.7(4) 

107.6(5) 

114.3(4) 

107.4(4) 
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Abstract 

2,4,6,8,10,12-Hexa(4-methoxybenzyl)-2,4,6,8,10,12-hexaazatetracyclo- 
[5.5.0.33.11.05'9]dodecane,  C^H^oNgOs,  Mr  =  889.1 1,  monoclinic,  F^/c,  a  =  16.419(2),  b 
=  24.649(4),  c  =  12.358(2)  A,  (5  =  109.73°,  V  =  4707.8(12)  A3,  Z  =  4,  Dx  =  1.254  Mg  m-3, 
A(Cu  Ka)  =  1.54178  R  =  0.054,  wR  =  0.049,  for  4162  independent  reflections. 
Experimental 

A  clear  colorless  0.04  x  0.22  x  0.50  mm  data  crystal  re-crystallized  from  octane/ 
N,N-dimethyl  formamide  mixed  solvent  was  provided  by  A.  Nielsen  of  NWC  China  Lake 
.  Automated  Nicolet  R3m  diffractometer  with  incident  beam  monochromator.  25  centered 
reflections  within  5(K  2b  £78°  used  for  determining  lattice  parameters.  (sirxev^.)max  =  0.55 
A'1*  range  of  hkl :  -17  <lh<;0,  0Sk£  26, 0  13.  Standards  220, 040,  102,  monitored 

every  60  reflections  with  random  variation  of  2.5  %  over  data  collection, e/2e  mode,  scan 
width  (2.0  +  Aq!^)0,  scan  rate  a  function  of  count  rate  (6.0P/min.  minimum,  30°/min. 

maximum,  6465  reflections  measured,  5793  unique,  R^  =  0.01,  4162  observed  with 
Fo>3a(F0).  Data  corrected  for  Lorentz  and  polarization  but  not  absorbtion  effects  . 
Secondary  extinction  parameter  p  =  0.0012(1)  in  Fc*  =  F^f  1.0  +  0.002(p)Fo2/sixx2e)]0-25. 

Structure  solved  by  direct  methods.  The  least-squares  refinement  used  program 
SHELXTL  (  Sheldrick  1980 ).  Zw(IF0l-IFcl)2  minimized  where  w  =  l/[c2(IF0l)  +  g.(F0)2],  g 

=  0.00023.  614  parameters  refined  :  atom  coordinates,  anisotropic  thermal  parameters 
for  all  non-H  atoms,  H  atoms  included  using  riding  model ,  C-H  =  0.96  A,  C-C-H  =  109.5* 
,  U(H)  =  1.2  to  1.1  UeqtC) .  (A/a)  max  =  0.24,  R  =  0.054,  wR  =  0.049,  S  =  1.39.  Final 
difference  Fourier  excursions  0. 18  and  -0.20  eA'3.  Atomic  scattering  factors  from 
International  Tables  for  X-ray  Crystallography  (1974).*  Atom  numbering  for  tables  1,  2, 
and  3,  atom  coordinates,  bond  distances  and  angles,  follows  that  shown  in  Fig.(lm). 
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Table  lm.Atom  coordinates  (xlO4)  and  thermal  parameters  (A2  x  103) 


atom 

X 

y 

z 

U 

C  (1  ) 

1 61 5(2) 

6126(1) 

3346(2) 

41(1)* 

N  ( 2  ) 

308(2) 

6086  (1  ) 

2363(2  ) 

37(1 )* 

C  (3  ) 

1 76(2) 

6352(1) 

2833  (2  ) 

38(1 )* 

N  (4 ) 

-321 (2) 

5  959  (1  ) 

3220(2) 

40(1 )* 

C  (5  ) 

237(2) 

5622  (  1  ) 

4147(2) 

40(1 )* 

N  (6) 

911(2) 

5  297  (1  ) 

3959(2) 

39(1  )« 

C  (7) 

1 667(2 ) 

5648  (1  ) 

4234(2) 

41(1)* 

N  (8  ) 

1 71 1 (2) 

5  881  (1  ) 

5351(2) 

40(1  )* 

C  (9) 

780(2) 

5996  (  1  ) 

5160(2  ) 

42(1  )* 

N  ( 1  0 ) 

557(2) 

6  5  56  (1  ) 

4892(2) 

43(1)* 

cell  ) 

705(2) 

6724  (  1  ) 

3827(2) 

42(1  )* 

N  (1  2 ) 

1570(2) 

6672(  1  ) 

3  768(2  ) 

39(1  )* 

C  (1  3  ) 

360(2) 

6393  (  1  ) 

1 364(2) 

51(1)* 

C  (14) 

-919(2) 

5  659  (  1  ) 

2249(3  ) 

48(1  )* 

C  (1  5) 

730(2) 

4881  (1  ) 

3074(3) 

51(1)* 

C  ( 1  6  ) 

2086(2  ) 

5481  (1  ) 

6281(2) 

52(1  )* 

C(1  7) 

928(2) 

6921  (1  ) 

5885(3) 

53(1  )* 

C  (1  8) 

2315(2) 

6936(  1  ) 

4567(3) 

53(1  )* 

CCla) 

1 534(2) 

6176(1) 

906(2) 

45(1)* 

C(2a  ) 

1502(2) 

5  65  5  (1  ) 

485  (3  ) 

57(2)* 

C(3a) 

2141(2) 

5450(2 ) 

99(3) 

60(2)* 

C(4a) 

2826(2) 

5776(2) 

125(3) 

58(2)* 

C  (5a  ) 

2859(2) 

6304(2) 

522  (3  ) 

66(2)* 

C  (6a  ) 

2218(2) 

6494(1 ) 

91  2  (3  ) 

57(2)* 

0 (7a  ) 

3511(2) 

5622(1) 

-205(2) 

89(1  )* 

C(8a) 

3593(3) 

5069(2) 

-425(4) 

85(2)* 

C(1b) 

-1 745(2) 

5962(1 ) 

1-656(3) 

42(1  )* 

C  (2b) 

-2333(2) 

6059(1 ) 

2208(3) 

55(2)* 

C(3b) 

-3141 (2) 

6277(1 ) 

1652(3) 

59(2)* 

C  (4b) 

-3377(2) 

6405(1  ) 

497(3) 

54(2)* 

C(5b) 

-2794(2 ) 

6336  (2  ) 

-54(3) 

62(2)* 

C  (6b) 

-1 988(2) 

6118(1  ) 

510(3) 

55(2)* 

0  (7b ) 

-4171 (2) 

6603(1  ) 

-142(2) 

78(1)* 

C  (8b ) 

-4870(3) 

6516(2) 

234(4) 

102(2)* 

(dc) 

1438(2) 

4460(1  ) 

3379(3) 

44(1  )* 

C(2c) 

1498(2) 

4075(1 ) 

4214(3) 

46(1  )* 

C  (3c  ) 

2145(2) 

3692(1 ) 

4516(3) 

47(1  )* 

C  (4C) 

2759(2) 

3  689(1  ) 

3989(3 ) 

53(2)* 

C  (5  c  ) 

2726(2) 

4074  (  1  ) 

3170(3) 

65(2)* 

C(6c) 

2066(2) 

4449  (1  ) 

2861 (3) 

59(2  )• 

0(7e) 

3434(2) 

3  325  (1  ) 

4216(2) 

78(1  )* 

C  (8c) 

3446(3  ) 

2  893  (2  ) 

4967(4) 

86(2  )  * 

C  (Id) 

3037(2 ) 

5  393  (  1  ) 

>>520  (3  ) 

44(1 ) * 

C  (2d) 

3651 (3 ) 

5766(2) 

7105(3) 

60(2). 

C  (3d) 

4517(3) 

5680(2) 

7325  (3  ) 

70(2). 

C(4d) 

4800(3 ) 

5208(2) 

6961 (3 ) 

60(2 ) * 

C  (5d) 

4205 (3 ) 

4  834  (2  ) 

6368(3 ) 

61(2). 

C  (6d) 

3333(2) 

4  929  (1  ) 

6158(3) 

56(2)* 

0  (7d ) 

5630(2) 

51 60  (1  ) 

7240(2) 

88(1 ) * 

C  (8d) 

5998(3) 

4675(2) 

6906 (4) 

105(3)* 

C  (1  e ) 

360(2 ) 

6955(1) 

6619(2) 

44(1). 

C(2e) 

-340(2) 

7295  (  1  ) 

6309(3  ) 

4  7(1  )* 

C  (3e  ) 

-890(2) 

7341  (1  ) 

6941 (3) 

4  9(1  )  * 

C  (4e  ) 

-733(3 ) 

7026(2) 

791 5  (3  ) 

55(2)* 

C(5e) 

-37(3) 

6680(2) 

8236(3  ) 

65(2)* 

C  (6e  ) 

512(2) 

6647(1) 

7603(3) 

62(2). 

0(7e) 

-1228(2) 

7031(1) 

8613(2) 

79(1 ) * 

C  (8e ) 

-1 901 (3) 

7416(2) 

8366(4  ) 

103(3)* 

C  ( 1  f  ) 

3020(2  ) 

7  033  (  1  ) 

4061  (3  ) 

47(1  )* 

C  (2f  ) 

2978  (2  ) 

7471(1) 

3354(3) 

58(2  )* 

C  (3f  ) 

3606(3 ) 

7560(2) 

2849(3  ) 

64(2)* 

C  (4f  ) 

4277(2) 

7203(2) 

3049(35 

59(2 ) * 

C  (5f  ) 

4337(2) 

6  767  (2  ) 

3  763  (3  ) 

65(2). 

C  (6 f  ) 

371  0(2  ) 

6682  (1  ) 

4  256  (3  ) 

57(2)* 

0  ( 7  f  ) 

4938(2) 

7245  (1  ) 

2599(2) 

83(1)* 

C(8f  ) 

5023(3) 

7739(2) 

2067(4) 

115(3)* 

Equivalent  isotropic  U  defined  as  one  third  of  the  trace  of  the  orthogonalized 
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Table  2m.  Bond  lengths  (A) 


C ( 1  )-N(  2  ) 

1. 465(3) 

C  ( 1 ) -C  (  7  ) 

1. 592(4) 

C( 1 )-N( 12 ) 

1.454(4) 

N(  2 ) -C (  3  ) 

1.496(4) 

N(2)-C(13) 

1. 481(4) 

C( 3)-N(4) 

1.448(4) 

C  ( 3 )  ~C  ( 1 1 ) 

1.544(4) 

N(  4 ) -C ( 5  ) 

1. 461(3) 

N(4)-C( 14) 

1.469(3) 

C(5)-N(6) 

1.447(4) 

C  ( 5 )  -C  ( 9 ) 

1.568(4) 

N(6)-C(7) 

1. 456(4) 

N ( 6 ) — C (15) 

1.456(4) 

C(7)-N(8) 

1.475(4) 

N(8)-C(9) 

1.492(4) 

N  ( 8 )  -C  ( 1 6 ) 

1. 481(4) 

C(9)-N(10) 

1.438(4) 

N( lO)-C(ll) 

1.476(4) 

N(10)-C(17) 

1.478(4) 

C( 1 1 )-N( 12) 

1.452(4) 

N(12)-C( 18) 

1. 443(3) 

C(13)-C(la) 

1.500(5) 

C(l4)-C(lb) 

1.504(4) 

C(15)-C(lc) 

1.508(4) 

C( 16)-C( Id) 

1.503(5) 

C(17)-C(le) 

1.506(5) 

C ( 1 8 ) — C ( If) 

1.508(5) 

C( la)-C(2a) 

1.380(5) 

C(la)-C(6a) 

1. 369(5) 

C(2a)-C(3a) 

1. 385(6) 

C(3a)-C(4a) 

1.374(6) 

C(4a)-C(5a) 

1.384(5) 

C(4a)-0(7a) 

1. 373(5) 

C(5a)-C(6a) 

1. 380(6) 

0(7a)-C(8a) 

1.405(5) 

C( lb)-C(2b) 

1. 378(6) 

C( lb ) -C ( 6b ) 

1.390(4) 

C(2b)-C(3b) 

1.381(5) 

C(3b)-C(4b) 

1.384(5) 

C(4b)-C(5b) 

1.  359(6) 

C(4b)-0(7b) 

1. 366(4) 

C(5b)-C(6b)- 

1.380(5) 

0(7b)-C(8b) 

1. 394(6) 

C( le)-C(2c) 

1.381(4) 

C(lc)-C(6c) 

1.385(6) 

C(2c)-C(3c) 

1.  375(4) 

C(3c)-C(4c) 

1.372(6) 

C(4c)-C(5c) 

1.374(5) 

C(4c)-0(7c) 

1.379(4) 

C(5c)-C(6c) 

1.377(5) 

0(7c)-C(8c) 

1.408(5) 

C(ld)-C(2d) 

1.377(5) 

C(ld)-C(6d) 

1.375(5) 

C(2d)-C(3d) 

1.371(6) 

C(3d)-C(4d) 

1. 382(6) 

C(4d)-C(5d) 

1.364(5) 

C(4d)-0(7d) 

1.373(5) 

C(5d)-C(6d) 

1.386(6) 

0(7d)-C(8d) 

1.419(6) 

C( le)-C(2e  ) 

1. 368(4) 

C(le)-C(6e) 

1. 383(4) 

C(2e)-C(3e) 

1.  384(5) 

C(3e)-C(4e) 

1.382(5) 

C(4e)-C(5e) 

1. 373(5) 

C(4e)-0(7e) 

1.376(5) 

C(5e)-C(6e) 

1. 379(6) 

0(7e)-C(8e) 

1.  409(5) 

C(lf )-C(2f ) 

1.377(5) 

C(lf  )-C(6f ) 

1.  380(5) 

C(2f  )-C(3f ) 

1. 391(6) 

C(3f )-C(4f ) 

1.  366(6) 

C( 4f  )-C(5f ) 

1. 373(5) 

C(4f )-0(7f  ) 

1.  380(5) 

C(5f )-C(6f ) 

1. 378(6) 

0(7f  )-C(8f ) 

1.414(6) 

Table  3m.  Bond  angles  (deg.) 


N ( 2 ) -c ( 1 >-C<7) 

C (7) -C ( 1 ) *N ( 1 2  ) 

C (1  )-N ( 2 )-C ( 1 3  ) 

N(2)-C(3)-N(4) 

N (4 )-C (3 )-C (11) 

C (3)-N(4)-C(14) 

N  (4  )  -C  (  5  )  -N  ( 6  ) 

M  <6  ) -C ( 5 ) -C ( 9  } 
C(5)-N(6)-C(15) 
C(1  )-C(7)-N(6) 

N  <6  ) -C ( 7 ) -N (8  ) 

C (7 ) -N (8) -C  ( 1  6) 

C (5 )-C  <9)-N (8) 
N(8)-C<9)-N(10) 

C (9) -N ( 1 0)-C  <  1  7) 

C (3 )-C  C 1 1 )-N  (1  0) 

N(1Q)-C(11)-N(12) 

C(1)-N<12)-C(18) 

N  (2 ) -C ( 1 3 )-C ( 1  a  ) 

NC6)-C(15)-C(1c) 

N(10)-C(17)-C(1e) 

C (1  3 ) -C ( la ) -C ( 2a  ) 

C(2a)-C(1a)-C(6a) 

C(2a ) “C (3a  )-C(4a  ) 

C(3a)-C(4a)-0(7a) 

C(4a)-C(5a)-C(6a) 

C(4a)-0(7a)-C(8a) 

C(14)-C(1b)-C(6b) 

C(1b)-C(2b)-C(3b) 

C(3b)-C(4b)-C(5b) 

C(5b)-C(4b)-0(7b) 

C  (1b)-C(6b) -C  <5b) 

C  < 1 5)-C(1c)-C(2c) 

C  ( 2  c  >  —  C ( 1c )-C (6c ) 

C(2c)-C(3c)-C(4c) 

C(3c)-C(4c)-0(7c) 

C(4c)-C(5c)-C(6c) 

C(4c)-0(7c)-C(8c) 

C (16)-C ( 1d)-C (6d) 

C  (1  d )  -C  (  2d )  -C  ( 3d ) 

C (3d)-C(4d)-C(5d) 

C (5d)-C(4d)-0(7d) 

C (1d)-C(6d)-C(5d) 

C  ( 1  7)  -C  ( 1  e  )  *C  (  2e  ) 

C(2e)-C(1e)-C(6e) 

C(2e)-C(3e)-C(4e) 

C(3e )-C(4e )-0(7e  ) 

C(4e)-C(5e)-C(6e) 

C (4«}-0(7e)-C(8e) 

C (1 8)-C ( 1 f )-C (6f  ) 
C (If )-C( 2f  ) -C ( 3 f  ) 
C(3f )-C ( 4 f  ) - C ( 5 f  ) 

C (5 f )-C (4f  ) -0  ( 7f  ) 

C (If )-C(6f  )-C(5f  ) 


1  10.0(2) 
1  15.8(2) 
111.3(2) 
1  12.0(2) 
1  11.2(2) 
111.3(2) 
1  20.0(3) 
101.1 (2) 
122.5(2) 
1  15.8(2) 
102.5(3) 
110.1(2) 
1 06.9(2) 
1  12.7(3) 
113.1(2) 
1  09. 0(2) 
118.6(2) 
1 22.0(2) 
1 13.1 (3) 
110.6(2) 
1  11.6(3) 
1 22.4(3) 
117.5(4) 
1  19.3(3) 
1 25.3(3) 
1 20.0(4) 
1  17. 9(3) 

1  22.3  (3) 

1 22.6(3) 

1  19.  4(3) 

1 16.8(3 ) 

1  21  .  2  (4) 

1 20.9(3 ) 

1  17.1 (3) 

1 20.0(3) 

1 25.1  (3) 

1  19.9(4) 

1  17.3(3) 

1 21 .0(3) 

1 21.8(4) 

1  19.0(4) 
125.3(4) 

1  22.3  (3  ) 

1  19.9(3) 

1 17.8(3) 

1 18.6(3  ) 
124.6(3) 

1 20.7(3) 

1  16.9(3  ) 

1 21.9(3) 
121.6(3) 

1 20.0(4) 

1 14.9(3) 
121.2(3) 


N (2 )-C (1 )-N(1 2) 

C (1 )-N (2  )-C  (3  ) 

C (3 )-N (2 )-C (1 3) 
N(2)-C(3)-C(1  1) 

C (3 )-N (4 )-C  (5  ) 

C  (5 )-N (4 )-C ( 14) 

N (4)-C (5 )-C (9) 

C  (5)-N(6)-C (7) 

C  (7 )-N (6)-C (1 5) 

C  (1  )-C (7)-N(8) 

C  (7)-N(8)-C (9) 

C  (9)-N(8)-C (16) 
C(5)-C(9)-M(10) 

C  (9)-N(1 0 ) -C  (1  1  ) 

C  ( 1 1  )-N (1 0)-C  (1  7) 
C(3)-C (1  1 )-N(1 2) 

C  (1  )-N(1 2)-C (1  1  ) 

C  (1  1  )-N(1 2)-C (1  8) 
N(4)-C(14)-C (1b) 
N(8)-C (1 6)-C (Id) 
N(1  2)-C (1 8)-C (If  ) 
C(13)-C(1a)-C(6a) 
C(1a)-C(2a)“C(3a) 
C(3a)-C(4a)-C(5a) 
C(5a)-C(4a)-0(7a) 
C(1a)-C(6a)-C(5a) 
C(14)-C(1b)-C(2b) 
C(2b)-C(1b)-C(6b) 
C  (2b)-C (3b) "C (4b) 
C (3b) -C (4b)-0(7b) 
C(4b)-C (5b)-C (6b) 
C (4b) -0 (7b) ”C (8b) 
C  ( 1  5 )-C ( 1 c ) -C (6c) 
C(1c)-C(2c)-C(3c) 
C(3c)-C (4c)"C (5c) 
C(5c)-C(4c)-0(7c) 
C(1c)-C(6c)-C(5c) 
C  (1 6)-C (1d)-C (2d) 
C  (2d)-C (1d)-C (6d ) 
C (2d)-C (3d)-C ( 4  d ) 
C  (3d) -C (4d) -0 (7d) 
C (4d) -C ( 5  d ) -C (6d) 
C (4d) -0 (7d) -C (8d) 
C (1 7)-C ( 1 e )-C (6e) 
C (1e)-C (2e)-C (3e) 
C(3e)-C(4e)-C(5e) 
C (5e  )-C (4e)-0  (7e) 
C(1e)-C(6e)-C(5e) 
C ( 1 8)-C (1 f  )-C  (2f  ) 
C  (2f )-C (1 f )-C (6f  ) 

C ( 2 f ) -C (3f )-C ( 4 f  ) 

C ( 3 f )-C (4f  >-0(7f  ) 

C (4f )-C (5f )-C (6f  ) 
C(4f )-0(7f )-C(8f  ) 


1  02.5(2) 
101.9(2) 
1  10.0(2) 
1  06. 8(2) 
111.4(2) 
115.0(2) 
1  09. 2(2) 
1  05.8  (2  ) 
1  22.4(3) 
1  09.4(2) 
101.7(2) 
112.6(2) 
1  10.4 (2) 
1  11.6(3) 
1  15. 1 (2) 
101.8(2) 
1 05.6(2) 
1 22.9(3) 
1  13.0(3 ) 
1  12.4(3) 
112.3(3) 
1  20.  1  (3) 
1 22.1 (3) 
119.4(4) 
1  15.3(3) 
1 21.6(3) 
1 20.8(3) 
1  16.6(3) 
119.2(4) 

1  23.8(4) 

1 20.9(3) 

1  19.1  (3) 

1 22. 0(3) 

1 21.8(3 ) 
119.6(3) 

1  15.3(4) 

1  21.6(3) 

1 22.2(3) 

1  16.8(3) 

1 20.4(3) 

1  15.7(3) 
119.7(4) 

1  1 7.4  (3  ) 

1 22.4(3) 

1 22.7(3) 

1  19.6(4) 

1  1  5.8(3) 

1 20.6(3) 
120.4(3) 

1 1 7. 7(3  ) 

1  19.4(4  ) 

1  25. 1  (4) 

1  20. 1  (3) 

1  17.8(3) 


Abstract 


2,3,4,8-Tetraphenyl-6,6-anti-10-trinitropentacyclo[5.3.0.#-5.03>9.04'8]decane, 
C34H25N3O6,  Mr  =  571.59,  monoclinic,  P21/c,  a  =  10.869(4),  b  =  15.667(7),  c  =  17.084(8) 
A,  (3  =  108.36(4)°,  V  =  2760.9(23)  A3,  Z  =  4,  D*  =  1.37  Mg  nr3,  X(Mo  Ka)  =  0.71069  A, 

| a  =  0.90  cmr1,  F(000)  =  1 192,  T  =  295  K,  Final  R  =  0.052,  wR  =  0.054  for  3568 
independent  reflections. 

Experimental 

A  clear  colorless  0.25  x  0.50  x  0.09  mm  data  crystal  recrystallized  from  ethyl 
acetate  hexane  mixed  solvent  was  provided  by  A.  Marc  hand  of  North  Texas  State 
University.  Automated  Nicolet  R3m  diffractometer  with  incident  beam  monochromator. 
25  centered  reflections  within  30  £  2 8  £  35°  used  for  determining  lattice  parameters, 
(sincei/^-lmax  =  0.59  A’1,  range  of  hkl :  - 12  £  h  £  1 1 , 0  k-  £  1 8, 0  ^  1 8.  Standards  600, 

0  10  0, 0  0  10,  monitored  every  60  reflections  with  random  variation  of  2.0  %  over  data 
collection,  e/2e  mode,  scan  width  [2e(Kaj)  -  0.7  to  [^(Ka^  +  0.7]°,  scan  rate  a  function  of 

count  rate  (12.07min.  minimum,  30.CP/min.  maximum,  5538  reflections  measured,  4899 
unique,  R^,t  =  0.013,  3568  observed  with  Fo>3a(F0).  Data  corrected  for  Lorentz  and 

polarization,  but  not  absorbtion  effects  .  Structure  solved  by  direct  methods.  The  least- 
squares  refinement  used  program  SHELXTL  (  Sheldrick  1980  ).Iw(IF0l-IFcl)2  minimized 
where  w  =  l/[a2(IF0l)  +  g.(F0)2],  g  =  0.00023.  388  parameters  refined  :  atom  coordinates, 

anisotropic  thermal  parameters  for  all  non-H  atoms,  H  atoms  included  using  riding  model 
(coordinate  shifts  of  C  applied  to  attached  H  atoms),  C-H  =  0.96  A,  U(H)  =  1.1  1^(0 . 

(A/a)  max  =  0.12,  R  =  0.052,  wR  =  0.054.  Final  difference  Fourier  excursions  0.23  and  - 
0.23  eA'3.  Atomic  scattering  factors  from  International  Tables  for  X-ray  Crystallography 
(1974).*  Atom  numbering  for  tables  1,  and  2,  atom  coordinates,  bond  distances  and 
angles,  follows  that  shown  in  Fig.(ln). 


.O.fPAO^.O^Jdecane 


Table  In.  Atomic  coordinates  and  equivalent  isotropic 

2  2 

displacement  parameters  (A  xlO  ) 


X 

Y 

z 

U(eq) 

N<1) 

0.1204(2) 

0.0575(1) 

0.1082(1) 

4.8(1) 

0(1A) 

0.1427(2) 

0.0484(1) 

0.0433(1) 

7.9(1) 

0  ( IB ) 

0.1968(2) 

0.0386(1 ) 

0.1749(1) 

7.8(1) 

N<2) 

-.0274(2) 

0.1727(1 ) 

0.3526(1 ) 

4.8(1) 

0(2A) 

0.0321(2) 

0.1941(1) 

0.4218(1) 

7.5(1) 

0  (  2B ) 

-.0976(2) 

0.1114(2) 

0.3348(1) 

8.1(1) 

N(3) 

0.0570(2) 

0.3054(1) 

0 . 3253(  1 ) 

5.0(1) 

0(3A) 

0.1752(2) 

0.3046(1) 

0.3501(1) 

7.1(1) 

0  ( 3B ) 

-.0107(2) 

0.3649(1) 

0.3330(1) 

7.0(1) 

C(l) 

-.0316(2) 

0.1101(1) 

0. 1858(1) 

3.8(1) 

C(2) 

-.1651(2) 

0.1590(1) 

0. 1599(1) 

3.5(1) 

CO) 

-.1561(2) 

0.2139(1) 

0.0820(1) 

3.3(1) 

C  ( 4 ) 

-.0992(2) 

0.2882(1) 

0.1451(1) 

3.3(1) 

CO) 

-.1373(2) 

0.2423(1) 

0.2140(1) 

3.4(1) 

C  ( 6 ) 

-.0110(2) 

0.2263(1) 

0.2815(1) 

3.8(1) 

C(  7) 

0.0600(2) 

0.1830(1) 

0.2286(1) 

3.6(1) 

C  ( 8 ) 

0.0407(2) 

0.2476(1) 

0.1539(1) 

3.3(1) 

C  ( 9 ) 

-.0219(2) 

0.1900(1) 

0.0767(1) 

3.5(1) 

C(10) 

-.0067(2) 

0.0975(2) 

0.1040(1) 

4.0(1) 

C(2A) 

-.2852(2) 

0.1073(1) 

0.1512(1) 

3.9(1) 

C(2B) 

-.3832(2) 

0.1367(2) 

0.1789(2) 

6.0(1) 

COC) 

-.4967(2) 

0.0902(2) 

0.1665(2) 

7.3(1) 

C  ( 20 ) 

-.5130(3) 

0.0146(2) 

0.1266(2) 

6.5(1) 

COE) 

-.4158(3) 

-.0171(2) 

0.0999(2) 

6.5(1) 

C(2F) 

-.3028(3) 

0.0290(2) 

0.1121(2) 

5.4(1) 

C(3A) 

-.2703(2) 

0.2224(1) 

0.0057(1) 

3.7(1) 

C(3B) 

-.2694(2) 

0.1872(2) 

-.0686(1) 

4.7(1) 

C(3C) 

-.3747(3) 

0.1952(2) 

-.1389(2) 

5.9(1) 

coo 

-.4832(3) 

0.2382(2) 

-.1365(2) 

6.8(1) 

COE) 

-.4866(3) 

0.2736(2) 

-.0640(2) 

7.0(1) 

C(3F) 

-.3811(2) 

0.2660(2) 

0.0068(2) 

5.4(1) 

C(4A) 

-.1363(2) 

0.3786(1) 

0.1204(1) 

3.5(1) 

C(4B) 

-.2053(2) 

0.4280(2) 

0.1599(2) 

4.6(1) 

C(4C) 

-.2535(3) 

0.5074(2) 

0.1286(2) 

5.7(1) 

C(4D) 

-.2319(3) 

0.5383(2) 

0.0589(2) 

6.3(1) 

C(4E) 

-.1617(3) 

0.4909(2) 

0.0204(2) 

5.9(1) 

C(4F) 

-.1148(2) 

0.4119(2) 

0 . 0505 ( 1) 

4.5(1) 

C(8A) 

0.1572(2) 

0.3010(2) 

0.1552(1) 

3.6(1) 

COB) 

0.2485(2) 

0.2667(2) 

0 . 1225(1) 

4.6(1) 

CO  C) 

0.3590(2) 

0.3125(2) 

0.1249(2) 

5.6(1) 

COO 

0.3794(2) 

0.3921(2) 

0.1584(2) 

5.8(1) 

COE) 

0.2890(2) 

0.4277(2) 

0. 1898(2) 

5.3(1) 

C(8F) 

0.1791(2) 

0.3823(2) 

0. 1885 ( 1) 

4.4(1) 

* 


Equivalent  isotropic  U  defined  as  one  third  of  the 
trace  of  the  orthogonalized  U  tensor 


Table  2n.  Bond  lengths  (A) 


M(1)-0(1A)  1.215 

(3) 

N( 1 ) -0( IB)  1.216 

(2) 

N(  1 ) -C { 10 )  1.498 

(3) 

N( 2 } -0 ( 2A)  1.204 

(2) 

N( 2 ) -0( 2B)  1.205 

(3) 

N(  2 ) -C( 6)  1.532 

(3) 

N(3)-0(3A)  1.219 

(2) 

N(3)-0(3B)  1.221 

(3) 

N(  3 ) -C { 6 )  1.513 

(3) 

C ( 1 ) -C ( 2 )  1.575 

(3) 

C( 1 ) -C( 7 )  1.540 

(3) 

C(l)-C{ 10)  1.518 

(3) 

C ( 2 ) -C ( 3 )  1.614 

(3) 

C ( 2 ) -C ( 5 )  1.573 

(3) 

C ( 2 ) -C ( 2A)  1.503 

(3) 

C ( 3 ) -C ( 4 )  1.575 

(3) 

C ( 3 ) -C ( 9 )  1.536 

(3) 

C(3)-C(3A)  1.496 

(3) 

C ( 4 ) -C( 5 )  1.543 

(3) 

C ( 4 ) -C ( 8 )  1.611 

(3) 

C ( 4 ) -C { 4A)  1.496 

(3) 

C ( 5 ) -C ( 6 )  1.510 

(3) 

C  (  6 ) -C ( 7 )  1.521 

(3) 

C ( 7 ) -C ( 8 )  1.590 

(3) 

C ( 8 )  -C ( 9 )  1.565 

(3) 

C ( 8 ) -C ( 8A)  1.512 

(3) 

C ( 9 ) -C ( 10 )  1.516 

(3) 

C(2A)-C(2B)  1.374 

(3) 

C(2A)-C(2F)  1.381 

(3) 

C(2B)-C(2C)  1.391 

(3) 

C(2C)-C(2D)  1.351 

(4) 

C ( 2D ) -C ( 2E)  1.368 

(4) 

C(2E)-C(2F)  1.383 

(3) 

C(3A)-C(3B)  1.387 

(3) 

C(3A)-C(3F)  1.389 

(3) 

C(3B)-C(3C)  1.379 

(3) 

C( 3C ) -C ( 3D)  1.370 

(4) 

C(3D)-C(3E)  1.368 

(4) 

C(3E)-C(3F)  1.385 

(3) 

C(4A)-C(4B)  1.390 

(3) 

C(4A)-C(4F)  1.389 

(3) 

C(4B)-C(4C)  1.389 

(3) 

C(4C)-C(4D)  1.372 

(4) 

C(4D)-C(4E)  1.373 

(4) 

C(4E)-C(4F)  1.375 

(3) 

C(8A)-C(8B)  1.390 

(3) 

C(8A)-C(8F)  1.384 

(3) 

C(8B)-C(8J)  1.389 

(3) 

C(8C)-C(8D)  1.360 

(4) 

C ( 8D) -6 ( 8E )  1.378 

(4) 

C ( 8E) -C ( 8F)  1.384 

(3) 

Bond  angles  (°) 

0 ( IB ) -N ( 1 ) -0 ( 1A) 

123.6(2) 

C ( 10 ) — N( 1 ) -0 ( 1A ) 

116.9(2) 

C ( 1 0 ) -N ( 1 ) -0 (IB) 

119.5(2) 

0 ( 2B ) -N ( 2 ) -0 ( 2A ) 

124.9(2) 

C ( 6 ) -N( 2 ) -0 ( 2A) 

117.7(2) 

C ( 6 ) -N ( 2 ) -0 ( 2B ) 

117.4(2) 

0 ( 3B ) -N ( 3 ) -0 ( 3A ) 

125.2(2) 

C ( 6 ) -N ( 3 ) -0 ( 3A ) 

117.4(2) 

C ( 6 ) -N ( 3 ) -0( 3B) 

117.4(2) 

C(7)-C(l)-C(2) 

100.0(2) 

C( 10)-C( 1 ) -C ( 2 ) 

102.7(2) 

C ( 10 ) -C ( 1 ) -C ( 7 ) 

104.9(2) 

C  (  3  )  -C  (  2  )  -C  (  1 ) 

101.6(2) 

C ( 5 ) -C ( 2 ) -C ( 1 ) 

104.4(2) 

C  (  5  )  -C  (  2  )  -C  (  3  ) 

89.5(1) 

C  (  2A ) -C ( 2 ) -C ( 1 ) 

117.4(2) 

C ( 2A) -C ( 2 ) -C ( 3 ) 

118.8(2) 

C  (  2A ) -C { 2 ) -C ( 5 ) 

120.4(2) 

C (  4 ) -C( 3 ) -C ( 2  ) 

86.7(1) 

C ( 9 ) -C ( 3 ) -C ( 2 ) 

102.9(2) 

C { 9 ) -C ( 3 ) -C ( 4 ) 

92.6(2) 

C ( 3A ) -C ( 3 ) -C ( 2 ) 

121.2(2) 

C ( 3A) -C ( 3 ) -C ( 4 ) 

124.7(2) 

C ( 3A ) -C ( 3 ) -C ( 9 ) 

120.9(2) 

C( 5 ) -C( 4 ) -C ( 3 ) 

92.0(2) 

C ( 8 ) -C ( 4 ) -C ( 3 ) 

85.8(1) 

C ( 8 ) -C ( 4 ) -C ( 5 ) 

102 .5(2) 

C ( 4A) -C ( 4 ) -C ( 3 ) 

119.7(2) 

C ( 4 A ) -C ( 4 ) -C ( 5 ) 

122.9(2) 

C  (  4 A ) -C ( 4 ) -C ( 8  ) 

124.3(2) 

C  (  4  )  -C  (  5  )  -C  {  2  ) 

89.3(2) 

C ( 6 ) -C ( 5 ) -C ( 2 ) 

105.7(2) 

C  (  6 )  -C  (  5 )  -C  (  4 ) 

105.3(2) 

N  (  3 ) — C ( 6 ) -N ( 2 ) 

102.6(2) 

C ( 5 ) -C ( 6 ) -M ( 2 ) 

113.1(2) 

C  (  5 ) -C ( 6 ) -N ( 3 ) 

115.3(2) 

C { 7 ) -C ( 6 ) -N ( 2 ) 

115.7(2) 

C  (  7 ) -C ( 6) -N( 3 ) 

113.5(2) 

C  (  7 )  -C  (  6  )  -C  (  5  ) 

97.4(2) 

C ( 6 ) -C ( 7 ) -C ( 1 ) 

103.9(2) 

C ( 8 ) -C ( 7 ) -C ( 1 ) 

100.9(2) 

C  {  8 ) -C ( 7 ) -C ( 6 ) 

103.3(2) 

C ( 7 ) -C ( 8 ) -C ( 4 ) 

102.0(2) 

C(9)-C(8)-C(4) 

90.1(1) 

C(9)-C(8)-C(7) 

102 .8(2) 

C ( 8A ) -C ( 8 ) -C ( 4 ) 

123.0(2) 

C ( 8A) -C( 8 ) -C ( 7 ) 

116.2(2) 

C ( 8A ) -C ( 8 ) -C ( 9 ) 

118.1(2) 

C ( 8 ) -C ( 9 ) -C ( 3 ) 

88.8(2) 

C( 10)-C(9)-C(3) 

103.2(2) 

C( 10) -C(9) -C(8) 

108.4(2) 

C(l)-C(10)-N(l) 

116.1(2) 

C { 9 ) -C ( 10)-N(1) 

115.0(2) 

C ( 9 ) -C ( 10 ) -C ( 1 ) 

97.2(2) 

C ( 2B ) -C ( 2 A ) -C ( 2 ) 

121.9(2) 

C(2F)-C(2A)-C(2) 

120.7(2) 

C(2F)-C(2A) -C(2B) 

117.4(2) 

C(2C)-C(2B)-C(2A) 

121.3(3) 

C(2D)-C(2C)-C(2B) 

120.3(3) 

C(2E)-C(2D)-C(2C) 

119.6(2) 

C(2F)-C(2E)-C(2D)  120.1(3) 
C ( 3B ) -C ( 3 A ) -C { 3 )  121.2(2) 
C(3F)-C(3A)-C(3B)  117.6(2) 
C ( 3D ) -C { 3C ) -C { 3B )  120.3(3) 
C(3F) -C(38)-C(3D)  120.3(3) 
C(4B) -C(4A)-C(4)  121.9(2) 
C(4F)-C(4A)-C(4B)  118.1(2) 
C(4D)-C(4C)-C(4B)  120.2(2) 
C(4F)-C(4E)-C(4D)  120.3(2) 
C ( 8B ) -C ( 8 A ) -C ( 8 )  118.7(2) 
C(8F)-C(8A)-C(8B)  117.9(2) 
C ( 8D ) -C ( 8C ) -C ( 8B )  120.7(2) 
C(8F)-C(8E)-C(8D)  120.2(2) 


C(2E)-C(2F)-C(2A)  121.3(2) 
C(3F)-C(3A)-C(3)  121.1(2) 
C(3C)-C(3B)-C(3A)  121.1(2) 
C(3E)-C(3D)-C(3C)  119.7(3) 
C(3E)-C(3F)-C(3A)  120.9(2) 
C ( 4F ) -C ( 4A ) -C ( 4 )  119.6(2) 
C(4C)-C(4B)-C(4A)  120.5(2) 
C(4E)-C(4D)-C(4C)  119.8(3) 
C(4E)-C(4F)-C(4A)  121.1(2) 
C(8F)-C(8A)-C(8)  123.3(2) 
C(8C)-C(8B)-C(8A)  120.6(2) 
C(8E)-C(8D)-C(8C)  119.6(2) 
C(8E)-C(8F)-C(8A)  121.0(2) 


Abstract 


1, 6-Dimethyl- la-4a,4aa,5a  8{3,8aa-hexahydro-l,4-methanonaphthalene, 
c13h18°2’  Mr  =  206.26,  monoclinic,  P21/c,  a  =  9.830(2),  b  =  9.618(3),  c  =  12.584(4)  A, (5 
=  1 1 1.29(2)°,  V  =  1 108.5(6)  A3,  Z  =  4,  D*  =  1.24  Mg  nr 3,  X(Cu  Kd)  *  1.54178  A,  = 
6.10  cnr1,  F(000)  =  448,  T  =  295  K,  Final  R  =  0.078,  wR  =  0.088  for  1252  independent 
reflections.  The  hydroxyl  groups  are  both  on  the  same  side  of  the  six-membered  ring. 
Experimental 

A  clear  colorless  data  crystal  grown  from  acetone  was  provided  by  A.  Marchand 
of  North  Texas  State  University.  Automated  Nicolet  R3m  diffractometer  with  incident 
beam  monochromator.  25  centered  reflections  within  50  £  &  £  80°  used  for  determining 
lattice  parameters.  (siixe)/X)max  =  0.55  A*1,  range  of  hkl :  -10  £  h  £  0,  0  £  k  £  10,  -12  4< 

12.  Standards  204, 040,  302,  monitored  every  60  reflections  with  linear  variation  of  2.9  % 
over  data  collection,  e/2e  mode,  scan  width  [2e(Kaj)  - 1.0]  to  [2e(K<X2)  +  1.0  ]°,  scan  rate  a 

function  of  count  rate  (14.0°/min.  minimum,  3O.07min.  maximum),  1846  reflections 
measured,  1524  unique,  Rint  =  0.022,  1252  observed  with  Fo>3o(F0).  Data  corrected  for 

Lorentz  and  polarization,  but  not  absorbtion  effects .  Structure  solved  by  direct  methods. 
The  least-squares  refinement  used  program  SHELXTL  (  Sheldrick  1980  ).Xw(IF0l-IFc!)2 
minimized  where  w  =  l/[o2(IF0l)  +  g.(F0)2],  g  =  0.00023.  149  parameters  refined  :  atom 
coordinates,  anisotropic  thermal  parameters  for  all  non-H  atoms,  H  atoms  included  using 
riding  model  (coordinate  shifts  of  C  applied  to  attached  H  atoms),  C-H  =  0.96  A,  C-C-H  = 
109.5°  (methyl  H) ,  U(H)  =  1.2  Ueq(C) .  R  =  0.078,  wR  =  0.088.  Final  difference  Fourier 

excursions  0.31  and  -0.35  eA'3.  Atomic  scattering  factors  from  International  Tables  for  X- 
ray  Crystallography  (1974).*  Atom  numbering  for  tables  1,  and  2,  atom  coordinates,  bond 
distances  and  angles,  follows  that  shown  in  Fig.(lo). 
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Table 

lo.  Atoaic  coordinates  and 

displacement  parameters 

equivalent 

2  2 
( A  xlO* ) 

isotropic 

X 

y 

z 

U(eq) 

0(1) 

0.6022(4) 

0.1169(3) 

0.2217(3) 

4.9(1) 

0(2) 

0.5280(3) 

-.1197(3) 

0.3224(3) 

4.9(1) 

C(l) 

0.7979(5) 

-.2462(4) 

0.2907(4) 

4.7(2) 

C  ( 2 ) 

0.6724(5) 

-.2215(4) 

0.1804(4) 

4.7(2) 

C  ( 3 ) 

0.7017(5) 

-.1079(4) 

0.1318(4) 

4.9(2) 

C(  4 ) 

0.8484(5) 

-.0561(4) 

0.2085(4) 

5.1(2) 

C(4a) 

0.8368(5) 

0.0045(4) 

0.3187(3) 

4.4(2) 

C(  5 ) 

0.7401(5) 

0.1305(4) 

0.3136(3) 

4.1(2) 

C(6) 

0.7171(5) 

0.1440(4) 

0.4264(4) 

4.6(2) 

C ( 7) 

0.6829(5) 

0.0308(4) 

0.4712(4) 

5.1(2) 

C<8) 

0.6684(5) 

-.1090(4) 

0.4129(4) 

4.6(2) 

C(8a) 

0.7988(5) 

-.1274(4) 

0.3744(4) 

4.4(2) 

0(9) 

0.9232(5) 

-.1936(4) 

0.2538(5) 

5.9(2) 

0(10) 

0.7229(6) 

0.2883(5) 

0.4746(4) 

5.9(2) 

C(ll) 

0.8087(6) 

-.3916(4) 

0.3405(5) 

6.5(2) 

*  Equivalent  Isotropic  U  defined  as  one  third  of  the 
trace  of  the  orthogonal ized  tensor 


Table  2o.  Bond  lengths  (A) 


0( 1 ) -C ( 5 ) 

1.433 

(5) 

0 ( 2 ) -C ( 8 ) 

1.438 

(5) 

C ( 1 ) -C( 2 ) 

1.504 

(6) 

C( 1 ) -C( 8a) 

1.552 

(6) 

C  (  1 )  — C  ( 9 ) 

1.550 

(6) 

C(l)-C(ll) 

1.520 

(6) 

C( 2 ) -C ( 3 ) 

1.334 

(6) 

C(3)-C(4) 

1.499 

(6) 

C(4)-C(4a) 

1.547 

(6) 

C ( 4 ) -C ( 9 ) 

1.519 

(6) 

C ( 4a ) -C ( 5 ) 

1.526 

(5) 

C(4a)-C(8a) 

1.559 

(5) 

C  (  5 ) -C ( 6 ) 

1.521 

(6) 

C(6)-C(7) 

1.323 

(6) 

C (  6 ) -C ( 10) 

1.507 

(6) 

C ( 7 ) -C ( 8 ) 

1 . 514 

(5) 

C( 8 ) -C ( 8a) 

1.535 

(6) 

Bond  angles  (°) 


C(8a)-C(l)-C(2) 

108.1(3) 

C(9)-C(l)-C(2) 

98.4(4) 

C( 9 ) -C( 1 ) -C( 8a) 

98.8(3) 

C ( 1 1 ) -C ( 1 ) -C ( 2 ) 

115.9(4) 

C  ( 1 1 )  -C  ( 1 )  -C  (  8a ) 

114.6(4) 

C  ( 1 1 ) -C ( 1 ) -C ( 9 ) 

118.7(4) 

C  (  3  )  -C  (  2  )  -C  ( 1 ) 

108.2(4) 

C ( 4 ) -C ( 3 ) -C ( 2 ) 

107. 1(4) 

C  (  4a )  -C  (  4 )  -C  (  3  ) 

109.6(4) 

C ( 9 ) -C ( 4 ) -C ( 3 ) 

100.0(4) 

C ( 9 ) -C( 4 ) -C( 4a) 

100.1(3) 

C ( 5 ) -C ( 4a ) -C ( 4  ) 

120.6(4) 

C ( 8a ) -C ( 4a ) -C ( 4 ) 

101.7(3) 

C ( 8a) -C ( 4a) -C ( 5 ) 

114.7(3) 

C ( 4a) -C( 5 ) -0( 1 ) 

110.7(3) 

C ( 6 ) -C ( 5 ) -0 ( 1 ) 

110.1(4) 

C  ( 6 )  -C  (  5 )  -C  (  4a ) 

109.2(3) 

C ( 7 ) -C ( 6 ) -C ( 5 ) 

118.2(4) 

C( 10 ) -C( 6 ) -C( 5 ) 

117.2(4) 

C(10)-C(6)-C(7) 

124.4(4) 

C  (  8  )  -C  (  7  )  -C  (  6 ) 

121.2(4) 

C ( 7 ) -C ( 8 ) -0 ( 2 ) 

110.0(4) 

C ( 8a) -C( 8 ) -0( 2 ) 

114.4(3) 

C ( 8a ) -C ( 8 ) -C ( 7 ) 

108.2(4) 

C(4a)-C(8a)-C( 1) 

103 .8(3) 

C(8)-C(8a)-C( 1) 

119.9(4) 

C  ( 8 ) -C ( 8a ) -C ( 4a ) 

114.3(3) 

C ( 4 ) -C ( 9 ) -C ( 1 ) 

93.9(3) 

T 


Abstract 


2,2-Bis(trifluoromethyl)-4,5-diacetoxy- 1 ,3-diacetyl-imidazolidine, 
Ci3H14N206F6(  Mr  =  408.25,  monoclinic  ,  P21/n,  a  =  10.068(2),  b  =  22.076(4),  c  = 
16.071(30  A,  p  =  105.68(2)°,  V  =  3439.2(9)  A3,  Z  =  8,  Dx  =  1.578  Mg  rrr3,  X(Cu  K a)  = 
1.54178  A,  M-  =  13 -17  cnr1,  F(000)  =  1632,  T  =  295  K,  Final  R  =  0.072,  wR  =  0.080  for 
4032  independent  reflections.  There  are  two  molecules  in  the  asymmetric  unit 
Experimental 

A  clear  colorless  0.25  x  0. 12  x  0.15  mm  data  crystal  recrystallized  from  ethylene 
dichloride  was  provided  by  W.  Koppes  of  NSWC  White  Oak.  Automated  Nicolet  R3m 
diffractometer  with  incident  beam  monochromator.  25  centered  reflections  within  50  £  i 
<,  75°  used  for  determining  lattice  parameters.  (sincej/Xlmax  =  0.58  A*1*  range  of  hkl :  0  < 
h  £  1 1, 0  £  k  £  25,  -17  :££  17.  Standards  400, 080, 004,  monitored  every  60  reflections 
with  random  variation  of  2.3  %  over  data  collection, a/2e  mode,  scan  width  [2b(Kcxi)  - 1.0] 
to  [2e(Kot2)  +  1.0  ]°,  scan  rate  a  function  of  count  rate  (12°/min.  minimum,  30°/min. 
maximum,  6325  reflections  measured,  5495  unique,  R^t  =  0.008, 4032  observed  with 
Fo>3a(F0).  Data  corrected  for  Lorentz  and  polarization,  but  not  absorbtion  effects  . 

Structure  solved  by  direct  methods.  The  least-squares  refinement  used  program 
SHELXTL  (  Sheldrick  1980 ).  Iw(IF0l-lFcl)2  minimized  where  w  =  l/[o2(IF0l)  +  g.(F0)2], 
g  *  0.00023.  Secondary  extinction  parameter  p  =  0.0007(2)  in  =  Fc/I  1.0  + 
0.002(p)Fo2/sin(2e)]0-25 .512  parameters  refined  :  atom  coordinates,  anisotropic  thermal 

parameters  for  all  non-H  atoms,H  atoms  included  using  riding  model ,  C-H  =  0.96  A,  C- 
C-H  =  109.5° ,  U(H)  =  1.1-  UeqtC) .  (A/a)  max  =  0.23,  R  =  0.072,  wR  =  0.080,  S  =  2.382. 

Final  difference  Fourier  excursions  0.33  and  -0.36  eAA  Atomic  scattering  factors  from 
International  Tables  for  X-ray  Crystallography  (1974).*  Atom  numbering  for  tables  l,  2, 
and  3,  atom  coordinates,  bond  distances  and  angles,  follows  that  shown  in  Fig.(lp). 


TABLE  lp. 

Atom  coordinates  (xlO 

)  and  temperature  factors  (A 

a  ton 

X 

y 

z 

U 

N(1  ) 

3400(4) 

967(2) 

2130(2) 

47(1)* 

C  (  2  ) 

4293(5) 

498(2) 

1934(3) 

48(2)* 

N(3) 

3560(4) 

-53(2) 

2038(2) 

50(1)* 

C(4) 

2498(4) 

67(2) 

2459(3) 

49(2)* 

C  (  5  ) 

2125(4) 

717(2) 

2219(3) 

49(2  )* 

C(  6 ) 

3758(5) 

1582(2) 

2273(3) 

56(2)* 

C  (  7  ) 

2684(6) 

1984(2) 

2  4  5  7  (  4  ) 

76(2)* 

0(8) 

4876(4) 

1751(2) 

2250(3) 

77(1)* 

C  ( 9 ) 

4422(6  ) 

568(3) 

991(3) 

60(2)* 

F(9a) 

3336(3) 

330(2) 

436(2) 

83(1)* 

F(9b) 

4469(4  ) 

1148(1) 

783(2) 

91(1)* 

F(9c) 

5551(3) 

319(2) 

873(2) 

84(1)* 

C(L0) 

5751(5) 

509(3) 

2614(4) 

65(2)* 

F ( 10a) 

5666(  3  ) 

738(2) 

3362(2) 

81(1)* 

F( 10b) 

6252(3) 

-50(2) 

2789(2 ) 

94(1)* 

F( 10c) 

6694(3) 

816(2) 

2369(2) 

88(1)* 

C(ll) 

3855(6) 

-641(2) 

1797(4) 

65(2)* 

C  ( l  2  ) 

3059(6) 

-1145(2) 

2050(4 ) 

80(2)* 

0(13) 

4731(4) 

-714(2) 

1423(3) 

89(2)* 

0(14) 

3094(3) 

20(2) 

3379(2) 

55(1)* 

C(  15) 

2280(5) 

-213(2) 

3849(3) 

57(2)* 

0(16) 

3086(  5  ) 

-242(3) 

4776(3) 

72(2)* 

0(17) 

1121(3) 

-368(  2  ) 

3556(2 ) 

70(1)* 

0(18) 

1126(3) 

749(2) 

1385(2) 

59(1)* 

C  (  1  9  ) 

-204(5) 

694(2) 

1409(4) 

64(2)* 

0(20) 

-1125(6) 

731(3) 

510(4) 

90(2)* 

0(21) 

-514(4) 

622(2) 

2061(3) 

88(2)* 

N(51) 

7358(4) 

2752(2) 

1356(2) 

50(1)* 

0(52) 

7408(4) 

2963(2) 

507(3) 

47(2)* 

N  (  5  3  ) 

6191(4) 

3  3  5  1  (  2  ) 

256(2) 

46(1)* 

0(54) 

5277(5) 

3243(2) 

796(3) 

49(2)* 

0(55) 

6233(5) 

3016(2) 

1627(3) 

49(2)* 

0(56) 

8220(6) 

2296(3) 

1810(3) 

64(2)* 

0(57) 

8170(6) 

2197(3) 

2721(3) 

81(2)* 

0(58) 

9005(4  ) 

2034(2) 

1493(3) 

82(2)* 

0(59) 

8774(5) 

3345(3) 

603(4) 

62(2)* 

F  (  5  9a  ) 

8577(3) 

3  906(  1  ) 

837(2) 

82(1)* 

F( 59b) 

9807(3) 

3117(2) 

1210(2) 

84(1)* 

F( 59c) 

9187(3) 

3  3  6  9(  2  ) 

-111(2) 

82(1)* 

0(60) 

7265(  5  ) 

2427(2) 

-151(3) 

54(2)* 

F ( 6  0a  ) 

6625(3) 

1961(1) 

91(2) 

72(1)* 

F( 60b) 

6514(3) 

2585(1) 

-936(2) 

74(1)* 

F (  6  0c  ) 

8455(3) 

2228(1) 

-248(2) 

81(1)* 

C  (  6  l  ) 

5911(5) 

3  7  5  1  (  2  ) 

-441(3) 

54(2)* 

0(62) 

4613(5) 

4  106(2) 

-607(3) 

67(2)* 

0(63) 

6726(4  ) 

3809(2 ) 

-863  (  2  ) 

69(1)* 

0(64) 

4  308(  3  ) 

2779(1) 

400(2) 

57(1)* 

0(65) 

3022  (  6  ) 

2838(3) 

446(4) 

72(2)* 

0(66) 

2117(6) 

2340(3 ) 

5(4) 

94(2)* 

0(67) 

2673(4) 

3253(2) 

813(4) 

141(2)* 

0(68) 

6759(3) 

3526(1) 

2182(2) 

58(1)* 

0(69) 

6136(5) 

3644  (  3  ) 

2817(3) 

61(2)* 

0(70) 

6783(6  ) 

4  170(3) 

3341(4) 

84(2)* 

0(71) 

5202(4) 

3356(2) 

2907(3) 

96(2)* 

*  Equivalent  isotropic  U  defined  as  one  third  of  . the 
trace  of  the  o r t ho  go na  1  1  s ed  U  tensor 


TABLE  2p.  Bond  lengths  (A) 


N(l)-C(2)  1.461(6) 
N(l)-C(6)  1.406(6) 
C(2  )-C(  9)  1.563(7) 
N(3)-C(4)  1.436(7) 
C(4)-C(5)  1.507(7) 
C(5)-0(18)  1.444(5) 
C(6)-0(8)  1.197(6) 
C(9)-F(9b)  1.327(7) 
C ( l 0) -F( 10a)  1.329(7) 
C( 10)-F( 10c)  1.312(7) 
C(ll)-0(13)  1.204(8) 
C(  1  5 ) —  C (  16)  1.492  (  6  ) 
0( 1 8) -C( 1 9)  1.355(7) 
C(19)-0(21)  1.183(8) 
N( 5  1  )  -C(  5  5  )  1  .  442(  6  ) 
C(52)-N(53)  1.459(6) 
C(52)-C(60)  1.568(7) 
N(53)-C(6l)  1.394(6) 
C( 54) -0(64)  1.439(5) 
C(56)-C(57)  1.494(8) 
C(59)-F(59a)  1.324(6) 
C(59)-F(59c)  1.324(7) 
C(60)-F(60b)  1.330(5) 
C(6l)-C(62)  1.486(7) 
0(64) -C (65)  1  .  32  3  (  7  ) 
C(65)-0(67)  1.194(9) 
C(69)-C<70)  1.478(8) 


N(l)-C(5)  1.440(6) 
C(2)-N(3)  1.455(6) 
C(2)-C(10)  1.575(6) 
N( 3  )  -C(  1  1  )  1.410(7) 
C( 4  )  -0(  14)  1.441(5) 
C(6)-C(7)  1.488(8) 
C ( 9  )  -F ( 9a )  1.319(6) 
C ( 9  )  -F ( 9c  )  1  .  322  (  7  ) 
C(10)-F(10b)  1.334(7) 
C(ll)-C(12)  1 .490(  8  ) 
0(14) -C (15)  1  .  357(  7  ) 
C(  1  5)  -0(  1  7  )  1.185(6) 
C(19)-C(20)  1.493(8) 
N(5l)-C(52)  1.455(6) 
M(5i)-C(56)  1.399(6) 
C(52)-C(59)  1.586(7) 
N(53)-C(54)  1.445(7) 
C(54)-C(55)  1.506(6) 
C(  55) -0  (68)  1.444(  5  ) 
C(56)-0(58)  1.198(8) 
C(59)-F(59b)  1.318(6) 
C(60)-F(60a)  1.327(6) 
C(60)-F(60c-)  1.324(  6  ) 
C(61)-0(63)  1.205(7) 
C(65)-C(66)  1.480(8) 
0(68) -C (69)  1.359(7) 
C(69)-0(71)  1.177(7) 


TABLE  3p.  Bond  angles  ( deg  .  ) 


C(2)-N(l)-C(5) 
C(5)-N(l)-C(6) 
N(l)-C(2)-C(9) 
N(l)-C(2)-C( 10) 
C(9)-C(2)-C(10) 

C( 2 ) -N( 3 ) -C(  1  1  ) 
N(3)-C(4)-C(5) 

C  (  5 ) *C(  4 ) -0 ( 1 4  ) 
N(l)-C(5)-0(18) 
N(l)-C(6)-C(7) 

C  (  7  )  “C(  6  )  -0  (  8  ) 

C(2 ) -C(9)-F(9b) 
C(2)-C(9)-F(9e) 
F(9b)-C(9)-F(9c) 

C( 2 )-C( 10) -F( 10b) 
C(2)-C( 10)-F( 10c) 

F ( 1  Ob) -C( 10)-F( 10c) 
N(3)-C(ll)-0(13) 
C(4)-0(14)-C( 15) 
0(14) -C (15) -0(17) 
C(5;-0(18)-C(19) 

0( 1 8) -C( 19) -0(21) 

C(52)-N(5i)-C( 55) 

C(55)-N(5i)-C(56) 

N(51)-C(52)-C(59) 

ff(51)-C(52)-C(60) 

C(59)-C(52)-C(60) 

C(52)-N(53)-C(61) 

N(53)-C(54)-C(55) 

C(55)-C(54)-0(64) 

N(51)-C(55)-0(68) 

N(51)-C(56)-C(57) 

C(57)-C(56)-0(58) 

C(52)-C(59)-F(59b) 

C(52)-C(59)-F(59c) 

F(59b)-C(59)-F(59c) 

C(52)-C(60)-F(60b) 

C(52)-C(60)-F(60c) 

F(60b)-C(60)-F(60c) 

N(53)-C(61)-0(63) 

C(54)-0(64)-C(65) 

0(64)-C(65) -0(67) 

C( 55) -0(68) -C (69) 
0(68)-C(69)-0(71 ) 


111 . 5(4) 
123.3(4) 
110.8(4) 
110.6(4) 
111.4(4) 
125.9(4) 
102.8,4) 
109.7(4) 
107.7(4) 
116.  1(4) 
124.0(5) 
111.0(4) 
113.4(4) 
105.9(5) 
111.1(4) 
114.5(4) 
106.2(5) 
119.8(5) 
116.9(3) 
124.4(4) 
114.5(4) 
122. 5(4) 
112.5(3) 
124. 1(4) 
109.1(3) 
111.9(4) 
112. 7(4) 
124.5(4) 
103.2(4) 
110.4(4) 
108. 3(3) 
115.8(5) 
123.2(5) 
111.0(4) 
113.9(4) 
106.7(4) 
111.5(4) 
114. 1(4) 
106.0(4) 
120.0(4  ) 
117.6(4) 
121.7(5) 
116.5(4) 
122.4(5) 


C(2)-N(l)-C(6) 

N(l)-C(2)-N(3) 

»(3)-C(2)-C(9) 

N(3)-C(2)-C( 10) 

C(2)-N(3)-C(4) 

C(4)-N(3)-C(  11) 

N(3)-C(4)-0(14) 

N(l)-C(5)-C(4) 

C(4)-C(5)-0(18) 

N(l)-C(6)-0(8) 

C(2)-C(9)-F(9a) 

F(9a)-C(9)-F(9b) 

F(9a)-C(9)-F(9c) 

C ( 2 ) -C( 10) -F( 10a) 

F( 10a) -C( 10) -F( 10b) 
F ( 10a) -C( 10) -F( 10c) 
N(3)-C(ll)-C(12) 

C( 12) -C( 1 1 )-0( 13) 
0(14) -C (15) -C (16) 

C( 1 6) -C( 1 5) -0(  l  7  ) 
0(18)-C(19)-C(20) 

C( 20) -C( 1 9) -0( 21  ) 
C(52)-N(51)-C(56) 

N ( 5 1 ) -C ( 52  )  -N ( 53  ) 
N(53)-C(52)-C(59) 
N(53)-C(52)-C(60) 
C(52)-N(53)-C(54) 

C( 54)-N(53)-C(61  ) 
N(53)-C(54)-0(64) 
N(51)-C(55)-C(54) 
C(54)-C(55)-0(6B) 

N ( 5 1 )-C(56)-0(58) 

C(52)-C(59)-F(59a) 

F(59a)-C(59)-F(59b) 

F(59a)-C(59)-F(59c) 

C(52)-C(60)-F(60a) 

F(60a)-C(60) -F(60b) 

F(60a)-C(60)-F(60c) 

N(53)-C(61)-C(62) 

C(62)-C(6l)-0(63) 

0(64) -C (65) -C (66) 

C(66)-C(65)-0(67) 

0(68) -C (69) -C (70) 

C( 70) -C(69  )-0( 71  ) 


125.1(4) 
102.0(4) 
111.8(4) 
109.9(4) 
111.3(4) 
122.7(4) 
108. 3(3) 
102.9(4) 
110.2(3) 
119.8(5) 
110. 3(5) 
107.  1(4) 
108.9(5) 
111.0(4) 
105.9(4) 
107. 7(4) 
116.3(5) 
123.8(5) 
109.0(4) 
126.6(5) 
109.1(5) 
128.4(5) 
123.0(4) 
102.0(4) 
110.8(4) 
109.9(3) 
111.1(4) 
124.3(4) 
108. 5(4) 
103. 5(4) 
109.1(4) 
120.9(5) 
109.4(4) 
107. 3(4) 
108.4(5) 
110.4(4) 
106.5(4) 
107.8(4) 
117.2(5) 
122.8(4) 
112.7(5) 
125.6(6) 
110.9(5) 
126.7(6) 


2- Acetoxy-3(N-acctamidomcthyl-N-nitroso)ainino- 1 ,4,-dinitropiperazine, 
C9H15N708,  Mr  =  349.26,  orthorhombic,  C2/c,  a  =  19.736(2),  b  =  14.750(2),  c  = 

10.987(1)  A,  V  =  3198.3(5)  A3,  Z  =  8, 1^  =  1.450  Mg  nr3,  X(CuKa)  =  1.54178  A,  n  = 
10.69  cnr1,  F(000)  =  1456,  T  =  295  K,  Final  R  =  0.043,  wR  =  0.054  for  2241  independent 
reflections. 

Experimental 

A  clear  colorless  0.05  x  0.35  x  0.50  mm  data  crystal  was  provided  by  C.  Coon  of 
Lawrence  Livermore  Laboratory.  Automated  Nicolet  R3m  diffractometer  with  incident 
beam  monochromator.  25  centered  reflections  within  37  <,  2&  <,  71°  used  for  determining 
lattice  parameters.  (sincei/X),^  =  0.57  A*1,  range  of  hkl :  -22  £  h  £  3>,  0  £  k  <.  16, 

12  <;  [<,  12.  Standards  14  0  0, 080,  606,  monitored  every "60  reflections  with  linear 
variation  of  4.1  %  over  data  collection,  e/2e  mode,  scan  width  [2b(K<Xi)  -  1.0]  to  [2e(Ka2)  + 

1.0  ]°,  scan  rate  a  function  of  count  rate  (S.OP/min.  minimum,  30.(7>/min.  maximum,  3439 
reflections  measured,  2550  unique,  R^  =  0.01,  2241  observed  with  Fo>3a(F(j).  Data 

corrected  for  Lorentz  and  polarization,  but  not  absorbtion  effects  .  Structure  solved  by 
direct  methods.  The  least-squares  refinement  used  program  SHELXTL  (  Sheldrick  1980 
).  Iw(IF0l-IFcl)2  minimized  where  w  =  l/(o2(IF0l)  +  g.(F0)2],  g  =  0.00023.  Secondary 
extinction  parameter  p  =  0.0014(2)  in  Fc*  =  F^  1.0  +  0.002(p)Fo2/siix2e)]0-25  .  237 

parameters  refined  :  atom  coordinates,  anisotropic  thermal  parameters  for  all  non-H 
atoms.H  atoms  included  using  riding  model ,  C-H  =  0.96  A,  C-C-H  =  109. 5* ,  U(H)  =  1.2 
U^Q  .  (A/a)  max  =  0.012,  R  =  0.043,  wR  =  0.054,  S  =  2.075.  Final  difference  Fourier 
excursions  0.22  and  -.018  eA'3.  Atomic  scattering  factors  from  International  Tables  for  X 
ray  Crystallography  (1974).*  Atom  numbering  for  tables  1,  2,  and  3.  atom  coordinates, 
bond  distances  and  angles,  follows  that  shown  in  Fig.(lq). 


Table  lq.  Atomic  coordinates  (xlO 
displaceaent  parameters 


’ )  and  equivalent  isotropic 
( A2x103) 


MU) 
N(1A) 
0I1A) 
0(1B) 
C(  2 ) 
C(  3 ) 
M(  4 ) 
M(4A) 
0  (  4A ) 
0(4B) 
C  ( 3 ) 
C(6) 
M(  7 ) 
M(7A) 
0(7  A) 
C(  8 ) 
N(9) 
C(10) 
0(10) 
C(U) 
0(12) 
C(  13) 
0(13) 
C  (  14 ) 
0(  IS) 


2229(1) 
2094(1 ) 
1 338 ( 1) 
2319(1  ) 
2884(1 ) 
2792(1) 
2315(1) 
1919(1) 
2 147 ( 1) 
1384(1) 
2028(1 ) 
1737(1) 
3437(1 ) 
3734(1 ) 
4288(1 ) 
3730(1 ) 
4247(1) 
4093(1 ) 
3306(1) 
4686(1 ) 
3263 ( 1) 
3898(1) 
4 149  < 1 ) 
4192(1) 
114(8) 


1024 (  1  ! 
384(1) 
20(1) 
230(1 ) 
1441(1) 
2465(1) 
2627(1) 
3390(1) 
3983(1 ) 
3427(1) 
1848(2) 
1166(2) 
2927 ( 1 ) 
2793(1) 
31 79 ( 1) 
3535(1) 
3126(1) 
2398(2) 
2477(1) 
2200(2) 
1032(1) 
727(2) 
840(2) 
272(2) 
305 ( 10) 


3048(2) 
3902(2) 
3834(2) 
4678(1) 
3022(2) 
2815(2) 
1831(1) 
1977(2) 
2634(2) 
1419(2) 
1194(2) 
2077(2) 
2613(1) 
1549(1  ) 
1452(2) 
3523(2) 
4247(2) 
3210(2) 
5511(1) 
5866(2) 
2061 ( 1) 
2322(2) 
3295(2) 
1248(2) 
1180(18) 


U(eq) 

30(1) 

60(1) 

84(1) 

81(1) 

44(1) 

39(1) 

44(1) 

54(1) 

63(1) 

83(1) 

53(1) 

60(1) 

40(1) 

51(1) 

67(1) 

47(1) 

50(1) 

31(1) 

68(1) 

77(1) 

49(1) 

57(1) 

91(1) 

74(1) 

473(13) 


Equivalent  isotropic  0  defined  as  one  third  of  the 

trace  of  the 

orthogonal ized 

U1j  tensor 

TABLE  2q.  Bond 

lengths  ( A ) 

N(1 )-N(1a) 

1 .357(2) 

N(1)-C(2) 

1 .431 (3) 

N  (1 )-C (6) 

1 .458(3) 

N(la)-Oda) 

1 .225(3 ) 

N(1a)-0(1b) 

1  .218(3) 

C (2 )-C (3  ) 

1 .538(3) 

C (2)-0(12) 

1  .  429(2  ) 

C  (3 ) ~N (4  ) 

1.453(2) 

C  (3  )  -N  ( 7  ) 

1 .460(2) 

N(4)-N(4a) 

1.380(2) 

N  (4  )  -C  (  5  ) 

1.460(3) 

N  (  4  a  )  -0  (  4  a  ) 

1.220(2) 

N (4 a ) “0 ( 4o  ) 

1 .222(2) 

C  (  5  )  -C  (  6  ) 

1.511(3) 

N ( 7 ) -N ( 7  a  ) 

1.326(2) 

N(7)-C  (8) 

1  .  460(2  ) 

N(7a)-0(7a) 

1.237(2) 

C(8)-N(9) 

1  .  4  27(3  ) 

N (9 ) -C ( 1  Q ) 

1.348(3) 

C ( 1 0)-0 ( 1 0  ) 

1 .222(3) 

cdO)-c(in 

1  .491  (3) 

0(12) -C (13) 

1 .361  (3  ) 

C(13>— 0(13) 

1.190(3) 

C (1 3 )-C (1 4  ) 

1 .477(4) 

TABLE  3q.  3 on  d  angles  (deg.) 

N  (1*)-N  C 1 )-C ( 2 )  119.3(2 

C  (2  )-NCl >-C (6)  121.7(2 

N(  1  )-N ( 1  a ) -0 ( 1b)  118.6(2 

N  (1  )-C ( 2) -C (3 )  108.6(2 

C(3)-C(2)-0(12)  111.5(1 

C  (2  )-C (3  )-N (7 )  112.3(1 

C  (3  )  -N  (4  )  -N  ( 4 a  )  114.5(1 

N (4j )-N (4 ) -C ( 5  )  113.5(2 

N (4 ) -N (4a ) -0 (4o  )  117.9(2 

H (4 )-C ( 5 )-C (6  )  1  11 . 4  (  2 

C (3 )-N (7) -N (7a  )  116.7(1 

N (7a ) -N (7 ) -c ( 8  )  1 21.3(1 

n(7)-C(8)-N(9>  1 13.9(2 

N (9) -C ( 1 0) -0  (  1  0)  120.6(2 

0 <1  0) -C  < 10) -C  (  1  1  )  123.8(2 

0  (1  2)-C ( 1 3 )-0 ( 1 3  )  121.8(2 

0(13) -C (13) -C (14)  1 28.  1  (2 


N ( 1  a ) ”N  ( 1  )-C (6) 

N  ( 1  ) -N  (1  a  )  -0 (1  a  ) 
0(1a)-N(1a)-0(1b) 
N (1 )-C (2 )-0 ( 1 2) 
C(2)-C(3)~N(4) 

N(4 )-C (3 )-N(7) 

C  (3  ) -N (4 ) -C (5  ) 

N  (4  )  -n ( 4a ) -0 (4a  ) 

0  (4a ) -N (4a ) -0  (4b) 
N(1  ) - C ( 6 ) - C (5) 

C  ( 3  ) -N ( 7 ) -C (8) 
N(7)-N(7a)-0(7a) 
C(8)-N(9)-C (10) 

N  (  9 ) -C  (  1  0  ) -C  (1  1) 

C  (2)-0  (1  2  )-C (13  ) 

0  ( 1  2 )-C ( 1 3 )-C ( 14  ) 
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Abstract 


1,1,3,3-Tetranitrocyclobutane,  Qlit^Og,  Mr  =  236.10,  PI ,  triclinic  a  =  6.301(1), 
b  =  7.857(1),  c  =  8.736(1)  A,  a  =  85.88(1),  (3  =  84.62(1),  y  =  85.13(1)°,  V  =  428.2(1) 

A3,  Z  =  2,  Dx  =  1.83  Mg  m*3,  X(Cu  Ka)  =  1.54178  A,  \l  =  15.60  cnr*,  F(000)  =  240,  T  = 
295  K,  Final  R  =  0.037,  wR  =  0.045  for  1 146  independent  reflections.  There  are  two  half 
molecules  in  the  asymmetric  unit,  each  with  an  inversion  center  at  the  center  of  the  butane 
ring. 

Experimental 

A  clear  colorless  0.05  x  0.10  x  0.35  mm  data  crystal  recrystallized  from  methylene 
chloride/chloroform  solvent  mixture  was  provided  by  K.  Baum  of  Fluorochem  Inc., 
Azusa  CA..  Automated  Nicolet  R3m  diffractometer  with  incident  beam  monochromator. 
25  centered  reflections  within  61  ^  29  <  88°  used  for  determining  lattice  parameters. 
(sinceVXlmax  =  0.56  A'1-  range  of  hkl :  -7  <  h  £  3,  -8  £  k  £  8,  -9  3<>9.  Standards  212, 

113,  042,  monitored  every  60  reflections  with  random  variation  of  2.0  %  over  data 
collection,  e/2e  mode,  scan  width  [2e(K<Xi)  *  1-01  to  [29(Ka2)  +  1.0  ]°,  scan  rate  a  function 

of  count  rate  (4.0°/min.  minimum,  30.CP/min.  maximum,  2587  reflections  measured,  1271 
unique,  Rjnt  =  0.009,  1 14b  observed  with  Fo>3o(F0).  Data  corrected  for  Lorentz  and 

polarization,  but  not  absorbtion  effects.  Structure  solved  by  direct  methods.  The  least- 
squares  refinement  used  program  SHE!  ,XTL  (  Sheldrick  1980  ).  Iw(IF0l-IFcl)2  minimized 
where  w  =  1/[g2(IF0I)  +  g.(F0)2],  g  =  0.00023.  Secondary  extinction  parameter  p  = 

0.063(5)  in  Fc*  =  Fc/[  1.0  +  0.002(p)Fo2/sin(2e)]0-25  .  162  parameters  refined  :  atom 
coordinates,  anisotropic  thermal  parameters  for  all  non-H  atoms,  isotropic  thermal 
parameters  for  H  atoms  .  (A/a)  max  =  0.004,  R  =  0.037,  wR  =  0.045,  S  =  1.90  Final 
difference  Fourier  excursions  0.20  and  -0.18  eA‘3.  Atomic  scattering  factors  from 
International  Tables  for  X-ray  Crystallography  (1974).*  Atom  numbering  for  tables  1,  2, 
and  3,  atom  coordinates,  bond  distances  and  angles,  follows  that  shown  in  Fig.(lr). 


Table  lr.  Atomic  coordinates  (xlO  )  and  equivalent  isotropic 


2  3 

displacement  parameters  (A  xlO  ) 


X 

y 

z 

U(eq) 

C(l) 

-528(3) 

-148(2) 

1198(2) 

30(1} 

N(l) 

678(3) 

-991(2) 

2483(2) 

41(1) 

0(1) 

1756(3) 

-119(2) 

3125(2) 

70(1) 

0(2) 

495(3) 

-2507(2) 

2779(2) 

62(1) 

N(2) 

-2699(3) 

476(2) 

1912(2) 

42(1) 

0(3) 

-3911(3) 

1122U) 

999(2) 

69(1) 

0(4) 

-3069(3) 

317(2) 

3294(2) 

70(1) 

C  ( 2 ) 

614(3) 

1231(2) 

185(2) 

34(1) 

C(  1 '  ) 

-5236(3) 

-5061(2) 

3809(2) 

30(1) 

N(  1 '  ) 

-3851(3) 

-4436(2) 

2419(2) 

37(1) 

0(1'  ) 

-2438(3) 

-5439(2  ) 

1904(2) 

56(1) 

0(2'  ) 

-4263(3) 

-2977(2) 

1924(2) 

56(1) 

N(  2  *  ) 

-7086(3) 

-5810(2) 

3187(2) 

40(1) 

0(3'  ) 

-8374(3) 

-6374(2) 

4173(2) 

69(1) 

0(4'  ) 

-7164(3) 

-5805(2) 

1822(2) 

61(1) 

C  (  2  '  ) 

-4080(4) 

-6250(3) 

4991(2) 

36(1) 

*  Equivalent  isotropic  U  defined  as  one  third  of  the 
trace  of  the  orthogonal ized  tensor 


TABLE  2r.  Bond  Lengths  (A) 


C (1 )-N(1  ) 

C (1 >-C<2> 

N(1  )-0(1) 
N(2)-0(3) 
C(2)-C(1  a) 
C<1  '  )  -N  (  2  '  ) 
C(1 ' )-C(2'a) 
N  <1  • )-0  <2  '  ) 
N(2*  )-0(4  '  ) 


498(2) 
533(3) 
204(3) 
211(3) 
534  (3) 

510(3  ) 
530(3  ) 
,212(2) 
198(3) 


C (1 )-N(2) 
C(1)-C(2a) 
NCI >-0 (2) 
N(2)-0(4) 

C (1  ' )-N (1  '  ) 

C (1  '  )-C (2  '  ) 
N(1  ' )-0  (1  ’  ) 

N (2  * )-0  (3  '  ) 

C (2 ' )-C (1  ’a) 


1  .  507(2) 
1 .534(3) 
1 .214  ( 2  ) 
1  .  207(3  ) 
1 .505(2) 

1.535  (3  ) 
1 .213 (2) 
1.214(2) 
1.530(3) 


TABLE  3r.  Bond  angles  (deg.) 


N  ( 1  ) 
N  ( 2 ) 
N  ( 2 ) 
C(1  ) 
0(1  ) 
C(1  ) 
C  (1  ) 
N  ( 1  ' 
N  ( 1  ' 
C  (2  • 
C  (1  ' 
C  (1  ' 
0  (3  ' 


-C  (1  ) 
-C(1  ) 
-C  ( 1  ) 
-N  (1  ) 
-N  (1  ) 
-N(2) 
-  C  (  2  ) 
)-C(1 
)-C  ( 1 
)  -  C  ( 1 
)-N  (1 
)-N  (2 
)-N  (2 


-N  (2) 

-C  (2  ) 
-C(2a) 
-0(1) 
-0(2) 
-0(4) 

-C ( 1  a  ) 

' ;-C (2‘  ) 

' )-C (2 ' a) 
' )-C ( 2 ' a  ) 

•>-0(2’) 

'  )-0 (3  '  ) 

• )-0 (4  *  ) 


6(1  ) 
7(1  ) 
7(2) 
7(2) 
5(2) 
1  (2) 
4(1  ) 
5(2) 
8(2  ) 
4(1  ) 

6(2) 
2  (2) 
4  (2  ) 


N  (1  ) 
N  (  1  ) 
C  (2  ) 
C  (1  ) 
C  ( 1  ) 
0  (3  ) 
N  (1  ' 
N(2  ' 
N  ( 2  ' 
C  ( 1  ' 

0(1  ' 
C  (1  ' 
C  (1  ' 


-C  (1  ) 
-C  (1  ) 
-C  (1  ) 
-N  (1  ) 
-N  (2) 
-N  ( 2  ) 
) -C  ( 1 
)-C  (1 
)-C  (1 
)-N  (1 

)-N  (1 
)-N  (2 
)-C  (2 


-C  (2) 

-C (2a) 

-C (2a) 
-0(2) 

-0  (3  ) 

-0  (4  ) 

' )-N (2  ’  ) 

• )-C (2  '  ) 

' )-C (2  'a) 
' )"0 (1  •  ) 

' )-0 (2  '  ) 

' )-0 (4  '  ) 
•)-C  (1  'a) 


1  15.6(2) 
1  15.5(1  ) 
91.6(1  ) 
1 16.8(2) 
1  14.5(2) 
1 26.4  (2  ) 
105.8(1  ) 
1 14. 5(2) 
1 13.8(2) 
1 17.0(2) 

1 26.4(2) 
1  19.4(2) 
88.6  (1  ) 
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Abstract 

Bimethylene  trisacetamide,  Q1H15N3O3,  M,  =  201.23,  orthorhombic,  P212121,  a  = 
7.311(1),  b  =  9,581(2),  c  =  15.105(2)  A,  V  =  1058.1(2)  A3,  Z  =  4,  D*  =  1.263  Mg  nr3, 

X(Ca  Ka)  =  1.54178  A,  p.  =  7.80  cnrl,  F(000)  =  432,  T  =  295  K,  Final  R  =  0.040,  wR  = 
0.047  for  948  independent  reflections. 

Experimental 

A  clear  colorless  0.15  x  0. 15  x  0.20  mm  data  crystal  was  provided  by  C.  Coon  of 
Lawrence  Livermore  Laboratory.  Automated  Nicolet  R3m  diffractometer  with  incident 
beam  monochromator.  25  centered  reflections  within  40  £  2b  <  60°  used  for  determining 
lattice  parameters.  (siixe)A)max  -  0.59  A*1-  range  of  hkl :  0  <,  h  £  8, 0  £  k  <,  10,  -16  £<>  0. 

Standards  040, 004,  312,  monitored  every  60  reflections  with  linear  variation  of  2.2  %  over 
data  collection,  e/2e  mode,  scan  width  [2s(Ka1)  - 1.0]  to  [2b(K(Xq)  +  1.0  ]°,  scan  rate  a 

function  of  count  rate  (4°/min.  minimum,  3(77min.  maximum,  1089  reflections  measured, 
1070  unique,  no  equilalents  measured,  948  observed  with  Fo>3a(F0).  Data  corrected  for 

Lorentz  and  polarization,  but  not  absorbtion  effects.  Structure  solved  by  direct  methods.  The 
least-squares  refinement  used  program  SHELXTL  (  Sheldrick  1980  ).Lw(IF0l-IFcl)2 
minimized  where  w  =  l/[c2(IF0l)  +  g.fFg)2],  g  =  0.00023.  160  parameters  refined  :  atom 

coordinates,  anisotropic  thermal  parameters  for  all  non-H  atoms,  methyl  hydrogens  included 
using  riding  model ,  C-H  =  0.96  A,  C-C-H  =  109. 5* ,  U(H)  =  1.211^(0),  other  H  atoms 
refined  with  isotropuc  thermal  parameters.  (A/a)  max  =  0.24,  R  =  0.040,  wR  =  0.047,  S  = 
1.83.  Final  difference  Fourier  excursions  0.16  and  -0.14  eAA  Atomic  scattering  factors 
from  International  Tables  for  X-ray  Crystallography  (1974).*  Atom  numbering  for  tables  1, 
2,  and  3,  atom  coordinates,  bond  distances  and  angles,  follows  that  shown  in  Fig.(ls). 


Table  Is.  Atom  coordinates  (xlO4)  and  thermal  parameters  (A2  x  103) 


atom 

X 

y 

z 

U 

N  ( 1  ) 

4862(4) 

417(3) 

4469(2) 

56(1)* 

C  (  2  ) 

6811(5) 

411(3) 

4319(3) 

58(1  )* 

N  (  3  ) 

7443(3) 

-996(2) 

4121(2) 

47(1)* 

C  (4  ) 

7334(5) 

-1488(3) 

3203(2) 

52(1)* 

N(5) 

9098(4) 

-1637(2) 

2797(2) 

48(1  )* 

C  (6  ) 

3753(4) 

1418(3) 

4172(2) 

52(1)* 

0(7) 

4331(4) 

2428(2) 

3768  (  2  ) 

91(1)* 

C  (8  ) 

1777(5) 

1253(4) 

4396(3) 

67(1)* 

C  (  9  ) 

7995(4) 

-1919(3) 

4748(2) 

52(1)* 

0(10) 

8398(4) 

-3104(2) 

4526(2) 

69(1)* 

C(ll) 

8115(6) 

-1461(4) 

5695(2) 

78(1)* 

C  (  1  2  ) 

9996(5) 

-540(3) 

2462(2) 

47(1)* 

0(13) 

9337(3) 

649(2) 

2499(1 ) 

58(1)* 

C  (  1  4  ) 

11827(6) 

-834(4) 

2061(3) 

72(1)* 

♦Equivalent  isotropic  U  defined  as  one  third  of  the  trace  of  the  orthogonalized 
Uy  tensor 


TABLE  2s.  Bond  lengths  (A) 


N( 1 )-C  ( 2  ) 
C(2)-N(3) 
N(3)-C(9) 

N  (  5  ) -C ( 1 2 ) 

C(6)-C(8) 

C(9)-C(ll) 

C  ( 1  2  )  -C ( 1 4 ) 


.443(5) 

.456(4) 

.357(4) 

.339(4) 

.492(5) 

.500(5) 

.496(5) 


N( 1 )-C(6  ) 
N(3)-C(4) 
C(4)-N(5) 
C(6)-0(7) 

C ( 9 ) -0 ( 1 0  ) 
C( 12)-0(13) 


1.334(4) 

1.466(4) 

1.435(4) 

1.220(4) 

1.220(4) 

1.238(3) 


TABLE  3s.  Bond  angles  (deg.) 


C  (  2  )  - 
C(2)- 
C(4)- 
C( 4  )- 
N(  1)- 
N  (  3  )  - 
0(10) 
N  (  5  )  - 


N(l)- 
N(3)- 
N  (  3  )  - 
N  (  5  )  - 
C(6)- 
C  (  9  )  - 
-C(9) 
C(  12) 


C  ( 6  ) 

C  (  4  ) 

C  ( 9  ) 

C  (  1  2  ) 

C (8  ) 
0(10) 
-C(  1  1  ) 
-C  (  1  4  ) 


123. 

118. 

117. 

121. 

115. 
119. 
121  . 

116. 


4(3) 

3(2) 

8(2) 

6(3) 

9(3) 

1(3) 

4(3) 

4(3) 


N( 1  )-C(2)-N(3) 
C(2)-N(3)-C(9) 
N(3)-C(4)-N(5) 

N(  1  )-C(6)-0(7) 
0(7)-C(6)-C(8) 

N ( 3  )-C (9  )-C( 1 1 ) 

N ( 5  )  -C ( 1 2 ) “0 ( 1 3 ) 
0( 1 3)-C(12)-C(14) 


cw 


110.4(2) 

123.7(3) 

112.7(3) 

121.9(3) 

122.2(3) 

119.5(3) 

120.9(3) 

122.7(3) 


Abstract 


5H,10H-di-tetrazolo[l,5-a;l,5-d]piperazine,  QH4Ng,  Mr  =  164.13,  monoclinic, 
P21/n,  a  =  6.439(1),  b  =  6.400(1),  c  =  7.807(1)  A,(3  =98.95(1)°,  V  =  317.8(1)  A3,  Z  =  4, 
Dx  =  1.715  Mg  m-3,  X(Cu  K a)  =  1.54178  A,(i=  10.5  cnr»,  F(000)  =  168,  T  =  295  K, 

Final  R  =  0.039,  wR  =  0.059  for  449  independent  reflections. 

Experimental 

A  clear  colorless  0.10  x  0.15  x  0.40  mm  data  crystal  was  provided  by  R.  Wilier  of 
Morton  Thiokol.  Automated  Nicolet  R3m  diffractometer  with  incident  beam 
monochromator.  25  centered  reflections  within  45  £  i  £  80°  used  for  determining  lattice 
parameters .  (sin(0)A)max  =  0.55  A*1-  range  of  hkl :  0  £  h  £  7,  0  £  k  £  7,  -8  8  . 

Standards  400, 040,  004,  monitored  every  60  reflections  with  random  variation  of  1.3  % 
over  data  collection,  e/2e  mode,  scan  width  [2e(Kai)  - 1 .0}  to  [2e(Kct2)  +  1-0]°,  scan  rate  a 

function  of  count  rate  (4°/min.  minimum,  3(f/min.  maximum,  603  reflections  measured, 
470  unique,  R^  =  0.01,  449  observed  with  Fo>3a(F0).  Data  corrected  for  Lorentz  and 

polarization,  but  not  absorbdon  effects.  Structure  solved  by  direct  methods.  The  least- 
squares  refinement  used  program  SHELXTL  (  Sheldrick  1980  ).Zw(IF0l-IFcl)2  minimized 
where  w  =  l/[o2(IF0l)  +  g.(F0)2],  g  =  0.0004.  64  parameters  refined  :  atom  coordinates, 

anisotropic  thermal  parameters  for  all  non-H  atoms,  isotropic  thermal  parameters  for  H 
atoms  .  (A/o)  max  =  0.003,  R  =  0.039,  wR  =  0.059,  S  =  2.288.  Final  difference  Fourier 
excursions  0.23  and  -0.19  eA'3.  Atomic  scattering  factors  from  International  Tables  for  X- 
ray  Crystallography  (1974).*  Atom  numbering  for  tables  1,  2,  and  3,  atom  coordinates, 
bond  distances  and  angles,  follows  that  shown  in  Fig.(lt). 


Table  It.  Atom  coordinates  (xlO4)  and  thermal  parameters  (A2  x  103) 


atom 

X 

y 

z 

U 

N  (  1  ) 

9877(3) 

3166(3) 

4141(2) 

34(1)* 

N(2) 

9398(3) 

1368(3) 

3293(2) 

40(1)* 

N  (  3  ) 

7539(3) 

838(4) 

3651(3) 

49(1)* 

N(4) 

6816(3) 

2253(3) 

4681(2) 

43(1)* 

C  ( 5  ) 

8311(3) 

3  7  0-3  (  3  ) 

4976(2) 

27(1)* 

C  (  6  ) 

8218(3) 

5640(4) 

5980(3) 

38(  1  )* 

*  Equivalent  isotropic  U  defined  as  one  third  of  the  trace  of  the  orthogonalized 
Ujj  tensor 


TABLE  2t.  Bond  lengths  (A) 

N(l)-N(2)  1.340(2)  N(l)-C(5)  1.328(3) 
M(l)-C(6a)  1.460(3)  N(2)-N(3)  1.315(3) 
N(3)-N(4)  1.341(3)  N(4)-C(5)  1.331(3) 
C(5)-C(6)  1.473(3)  C(6)-N(la)  1.460(3) 


123.3(2) 
105.3(2) 
105.4(2) 
125.  1(2) 
107.5(2) 


TABLE  3t.  3ond  angles  (deg.) 

N  (  2  ) -N  ( 1 ) —  C ( 5 )  109.3(2)  N ( 2 ) -N ( 1 ) -C ( 6a  ) 

C(5)-N(l)-C(6a)  127.3(2)  N ( 1 ) -N ( 2 ) -N ( 3 ) 

N(2)-N(3)-N(4)  111.4(2)  N(3)-N(4)-C(5) 

N(l)-C(5)-N(4)  108.6(2)  N ( 1 ) -C ( 5 ) -C ( 6  ) 

N(4)-C(5)-C(6)  126.2(2)  C ( 5 ) -C ( 6 ) -N ( 1  a ) 


Abstract 


l,4-Dinitro-2-acetoxy-3-hydroxy-l,4-diazacyclohexane,  QH10N4O7,  Mr  = 

250.17,  monoclinic,  ?2x/c,  a  =  13.588(2),  b  =  7.276(1),  c  =  10.830(1)  A, {3  =  109.75(1)°, 

V  =  1007.7(2)  A3,  Z  =  4,  D*  =  1.65  Mg  nr3,  X(Cu  K a)  =  1.54178  A,  (i=  12.81  cnr1, 

F(000)  =  520,  T  =  295  K,  Final  R  =  0.029,  wR  =  0.028  for  1239  independent  reflections. 

Experi, mental 

A  clear  colorless  0. 10  x  0. 15  x  0.40  mm  data  crystal  was  provided  by  C.  Coon  of 
Lawrence  Livermore  Laboratory.  Automated  Nicolet  R3m  diffractometer  with  incident 
beam  monochromator.  25  centered  reflections  within  15^i^81°  used  for  determining 
lattice  parameters.  (sinceA),^  =  0.55  A'1,  range  of  hkl :  -14  <  h  <  14,  0  £  k  <,  7,  0  10. 

Standards  13  0  0,  240, 008,  monitored  every  60  reflections  with  random  variation  of  2.0  % 
over  data  collection,  e/2e  mode,  scan  width  [2e(Kaj)  - 1.0]  to  [2e(Ka2)  +  1.0  ]°,  scan  rate  a 

function  of  count  rate  (lO.CP/min.  minimum,  30.0P/min.  maximum,  1686  reflections 
measured,  1551  unique,  R^  =  0.008,  1239  observed  with  Fo>3o(F0).  Data  corrected  for 

Lorentz  and  polarization,  but  not  absorbtion  effects  .  Structure  solved  by  direct  methods. 
The  least- squares  refinement  used  program  MULTAN.  Ew(IF0l-IFcl)2  minimized  where  w  = 
l/[o2(IF0l)  +  g.(F0)2],  g  =  1.00.  Secondary  extinction  parameter  p  =  0.00002(1)  in  Fc*  =  Fc/[ 
1.0  +  (p)y  .  185  parameters  refined  :  atom  coordinates,  anisotropic  thermal  parameters  for 
all  non-H  atoms,  H  atoms  included  with  U(H)  =1.1  Ugq(C) .  (A/a)  max  =  0.004,  R  =  0.029, 
wR  =  0.028,  S  =  0.60.  Final  difference  Fourier  excursions  0.13  and  -0.18  eA3.  Atomic 
scattering  factors  from  International  Tables  for  X-ray  Crystallography  (1974).*  Atom 
numbering  for  tables  1,  and  2,  atom  coordinates,  bond  distances  and  angles,  follows  that 
shown  in  Fig.(lu). 


Table  1  u_  • 


Positional  Parameters  and  The'.r  Beil  mated  Standard  Deviations 


Atom 

X 

Y 

a 

B(A2) 

VI 

0.1914(1) 

0.9908(2) 

0.1248(2) 

2.78(4) 

C2 

0.2921(2) 

0.8032(3) 

0.1786(2) 

2.88(4) 

C3 

0.2780(2) 

0.2971(3) 

0.1918(2) 

2.68(9) 

V4 

0.2028(1) 

0.2696(2) 

0.2602(2) 

2.68(4) 

C9 

0.1007(2) 

0.3883(3) 

0.2048(3) 

4.00(6) 

06 

0.1170(2) 

0.8613(3) 

0.1934(2) 

3.83(9) 

17 

0.1918(1) 

0.7648(3) 

0.0732(2) 

3.39(4) 

08 

0.2713(1) 

0.8161(2) 

0.0848(2) 

4.28(4) 

09 

0.1110(1) 

0.8844(2) 

0.0469(2) 

4.94(8) 

010 

0.3471(1) 

0.9819(2) 

0.3019(1) 

2.86(3) 

Oil 

0.4481(2) 

0.6338(3) 

0.3239(2) 

3.04(8) 

0*2 

0 . 4937 ( 1 ) 

0.9970(3) 

0.2807(2) 

9.08(4) 

CIS 

0.4899(2) 

0.7396(4) 

0.4488(2) 

3.84(6) 

014 

0.2431(1) 

0.2238(2) 

0.0648(1) 

3.77(4) 

V15 

0 . 2000 ( 1 ) 

0.0920(3) 

0.3086(2) 

3.18(4) 

016 

0.1201(1) 

0.0413(2) 

0.3227(2) 

4.31(4) 

017 

0 . 2796( 1 ) 

0.0004(2) 

0.3293(2) 

4 . 53(4) 

nisotroploal ly  refined  atoas  are  given  in  the  fora  of  the 
sotropic  equivalent  displacement  parameter  defined  as: 

4/3)  •  [a2*0( 1,1)  +  b2«0(2,2)  +  c2*  0(3 , 3)  ♦  ab(cos  gaaaa)*0( 1 ,2) 
ac(cos  beta)*0(l,3)  +  be (cos  alpha)*0(2,3)] 


Bond  Diatancas  in  Angstrons 


ptranthtMi  nr*  aitiutai  standard  daviations  in  tha  laast  significant  digits 


Abstract 

1,4-Butanediammonium  dinitrate,  QHg(NH3+)2»(N03')2 ,  F.W.  =  212.16.  triclinic, 
PL  a  =  5.505(1),  b  =  8.551(1),  c  =  10.567(2)  A.oc  =  92.40(2),  [3  =  91.02(2),  y= 

102.04(2)°,  V  =  485.9(2)  A3,  Z  =  2,  D*  =  1.450  Mg  nr3,  X(Cu  Ka)  =  1.54178  A,  |x  *  11.4 
cm*1,  F(000)  =  224,  T  =  295  K,  Final  R  =  0.050,  wR  =  0.061,  for  1342  independent 
reflections.  The  asymmetric  unit  is  composed  of  two  half  formula  units  con-  sisting  of  a 
nitrate  anion  (NT')  and  half  of  the  butanediammonium  cation  (BDA+).  Each  of  the  half 
cations  of  BDA+  is  located  on  an  inversion  center  and  one  of  them  exhibits  a  disorder  in 
which  the  central  methylene  carbon  occupies  alternate  positions  C2’  and  C2"  with 
occupancies  of  75  and  25%  respectively. 

Experimental 

A  clear  colorless  0.05  x  0.10  x  0.70  mm  data  crystal  recrystallized  from  aqueous 
ethanol  was  provided  by  R.  McKenny  of  the  Air  Arament  Laboratory.  Automated  Nicolet 
R3m  diffractometer  with  incident  beam  monochromator.  25  centered  reflections  within 
43£  2e  570°  used  for  determining  lattice  parameters.  (sirteVX)max  =  0.56  A*1*  range  of  hkl 
:  -6  <,  h  £  0,  -9  £  k  <,  9,  -1 1  £<,  1 1.  Standards  300,  040,  006,  monitored  every  60 

reflections  with  random  variation  of  2.5  %  over  data  collection, e/2e  mode,  scan  width 
(2.0  +  Aala2)°,  scan  rate  a  function  of  count  rate  (10°/min.  minimum,  30°/min. 

maximum).  1693  reflections  measured,  1438  unique,  =  0.010,  1342  observed  with 
Fo>3c(Fo).  Data  corrected  for  Lorentz  and  polarization,  but  not  absorbtion  effects. 
Structure  solved  by  direct  methods.  The  least-squares  refinement  used  program 
SHELXTL  (  Sheldrick  1980  ).  Xw(IFol-IFcl)2  minimized  where  w  =  l/[a2(IFol)  +  g.(Fo)2], 
g  =  0.00023.  201  parameters  refined  :  atom  coordinates,  anisotropic  thermal  parameters 
for  all  non-H  atoms,  isotropic  thermal  parameters  for  all  H  .  (Va)  max  =  0.006,  R  = 
0.050,  wR  =  0.061,  S  =  2.607.  Final  difference  Fourier  excursions  0.34  and  -0.33  eA3. 
Atomic  scattering  factors  from  International  Tables  for  X-ray  Crystallography  (1974).* 


92 


AD-A185  462 


UNCLASSIFIED 


X-RAV  STRUCTURE  ANALVSES  AND  MOLECULAR  MHCHANICS 
ANALYSES  OF  DENSE  ENERGETIC  NATERIALS(U)  NAVAL  RESEARCH 
LAB  HASHINGTON  DC  R  GILARDI  ET  AL.  01  JUL  8? 


Table  lv.  Atom  coordinates  (xlO4)  and  thermal  parameters  (A2  x  103) 


atom 

X 

y 

z 

N(l) 

2216(3) 

7169(2) 

8883(2) 

40(1) 

C(l) 

132(4) 

7951(2) 

9218(2) 

38(1) 

C(2) 

1062(4) 

9592(2) 

9864(2) 

40(1) 

N(l') 

880(4) 

2502(2) 

6303(2) 

50(1) 

C(l') 

1511(5) 

3135(3) 

5045(2) 

55(1) 

C(2’) 

-228(8) 

4200(5) 

4629(3) 

45(1) 

C(2") 

1322(24) 

4973(15) 

5058(10) 

44(4) 

N(2) 

3873(3) 

5811(2) 

11707(2) 

40(1) 

0(2a) 

1615(3) 

5794(2) 

11574(2) 

48(1) 

0(2b) 

4650(4) 

4973(2) 

12480(2) 

66(1) 

0(2c) 

5360(3) 

6709(3) 

11051(2) 

75(1) 

N(2') 

4848(3) 

19(2) 

6718(2) 

41(1) 

0(2’a) 

2552(3) 

-444(2) 

6778(2) 

60(1) 

0(2*b) 

5655(3) 

1309(2) 

6206(2) 

58(1) 

0(2'c) 

6232(4) 

-758(3) 

7169(2) 

78(1) 

♦Equivalent  isotropic  U  defined  as  one  third  of  the  trace  of  the  orthogonalized 


Ujj  tensor 


Table  2v.  Bond  Lengths  (A) ,  bond  angles  (deg.)  and  hydrogen  bond  parameters. 

N(l)-C(l) 

C(2)-C(2a) 

C(l')-C(2') 

C(2")-C(2"a) 

N(2)-0(2a) 

N(2)-0(2c) 

N(2’)-0(2’b) 

N(l)-C(l)-C(2) 

N(l’)-C(2')-C(3’) 

ccn-ccri-Qra) 

0(2a)-N(2)-0(2b) 

0(2b)-N(2)-0(2c) 

0(2a')-N(2')-0(2c') 


1.485(3) 

C(l)-C(2) 

1.511(3) 

1.515(5) 

N(i’)-C(r) 

1.476(3) 

1.524(5) 

C(1')*C(2") 

1.596(13) 

1.469(27) 

C(2')-C(2'a) 

1.519(8) 

1.245(2) 

N(2)-0(2b) 

1.236(3) 

1.243(2) 

N(2')-0(2’a) 

1.247(2) 

1.249(2) 

N(2')-0(2'c) 

1.219(3) 

111.5(2) 

C(l)-C(2)-C(2a) 

111.4(2) 

111.6(2) 

N(r)-C(2>C(2") 

109.3(4) 

112.8(4) 

C(l')-C(2")-C(2"a) 

107.6(11) 

121.6(2) 

0(2a)-N(2)-0(2c) 

118.5(2) 

119.9(2) 

0(2a’)-N(2')-0(2b') 

117.9(2) 

120.1(2) 

0(2b')-N(2')-0(2c’) 

122.0(2) 

N(l)  -0(2a)‘  2.955(3)  H(lc)0(2a)'  2.15(1)  Z  N(l)-H(lc)-0(2a)‘  151.4(1. 1)* 

N(l)-0(2c)  2.936(3)  H(lb)0(2c)  2.08(1)  Z  N(l)-H(lb)-0(2c)  176.9(  1.2)’ 

N(l')"0(2'a)  2.915(3)  H(l'c)0(2'a)  2.00(1)  Z  N(l>H(l'c)0(2’a)  176.5(1.2)* 

N(l>0(2'b)'  2.843(3)  H(l’b)0(2'b)'  1.89(1)  Z  N(l’)-H(rb)-0(2'b)'  166.7(1.1)* 
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Several  Unusual  Crowded  or  Strained  Molecules. 

Richard  Gilardi,  Clifford  F.  George  and  Judith  L.  Flippen- Anderson; 
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Washington,  D.C.  20375-5001 

Synthetic  chemists  interested  in  energetic  materials  employ  extremely 
potent  reaction  conditions  and  often  discover  new  compounds  which  are 
unusually  crowded  or  strained.  The  structures  of  these  molecules  may  be 
of  value  to  molecular  and  quantum  mechanics  studies,  whether  or  not  the 
products  are  useful  as  propellants  or  explosives. 

(I)  is  a  substituted  cubane;  the  cubane  cage  is  highly  strained,  and  is  a 
good  source  of  energy,  but  adding  substituents  at  more  than  one  or  two 
positions  has  proved  to  be  extremely  difficult  In  this  case,  energetically 
substituted  side-chains  were  added  to  two  comers,  and  the  result  is  fairly 
stable.  The  fused-ring  nucleus  in  (II)  is  a  saturated  heterocycle  in  which  all 
three  rings  are  chair- shaped  when  the  nitrogens  are  alkyl-substituted,  but 
the  end  nngs  are  shallow  boats  on  the  nitro-compound  shown  here. 

(HI)  and  (V)  represent  gem-dinitro  compounds  that  are,  somewhat  surpris¬ 
ingly,  quite  stable.  (HI)  has  a  density  of  3.07  glee  due  to  die  presence  of 
the  heavy  iodine  atoms  and  the  complete  absence  of  hydrogen  atoms  in  the 
molecule.  (TV)  is  a  new  hexa-azasubstituted  cage  compound  known  as 
hexa-aza-isowurtzitane;  its  topology  was  first  established  by  this  X-ray 
diffraction  analysis. 


m  (IV)  (V) 


Abstract  of  a  presentation  given  at  the  American  Crystallographic  Association 
Annual  Meeting  at  Austin,  Texas,  March  1987. 


STRUCTURE  ANALYSIS  OF  ENERGETIC  MATERIALS. 
Jucfith  L  Flippen-Anderson,  Clifford  F.  George,  and  Richard 
Gilard,  Laboratory  for  the  Structure  of  Matter,  The  Naval 
Research  Laboratory,  Washington,  D.C.  20375-5000,  USA 

Much  research  effort  goes  towards  the  production  of  new 
materials  which  are  dense,  stable,  and  highly  energetic.  The 
density  is  quite  important  because  the  impulse  provided  by  a 
propellant  depends  at  least  quadratically  on  its  density.  Today, 
HMX  (2,4,6,8-tetranitro-2,4,6,8-tetraazacyclooctane)  is  the  best 
known  commercial  material  of  this  type.  A  fused-ring  variant, 
"bicyclo-HMX",  is  predicted  to  be  even  better  and  it  serves  as  a 
target  molecule  in  several  organic  synthesis  programs.  Along 
the  way,  several  unusual  heterocycles  have  been  discovered 
and,  in  several  cases,  identified  through  X-ray  diffraction.  We 
report  here  a  number  of  these  new  compounds. 
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Annual  Meeting  at  Austin,  Texas,  March  1987. 
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